Variation of [222]Rn in Public Drinking Water Supplies by Drane, William K.
#
A B ST R A C T
W i l l i a m K . D r a n e . V a r i a t i o n o f ^ ^ " R n i n P u b l i c D r i n k i n g W a t e r Su p p l i e s .
(U n d e r t h e d i r e c t i o n o f D r . J a m e s E . Wa t s o n , J r . )
T h e E n v i r o n m e n t a l P r o t e c t i o n A g e n c y (E P A ) h a s p r o p o s e d r e g u l a t i n g
^^ ^
R n
(r a d o n ) in p u bl i c d r i n k i n g w a t e r a s a c a r c i n o g e n Wh e n im p l e m e n t e d , t h e p r o p o s e d
r e g u l a t i o n w i l l r e q u i r e p e r i o d i c s a m p l i n g t o d e m o n s t r a t e c o m p li a n c e T h i s s t u d y e v a l u a t e d
t h e a b i l it y o f t h e p r o p o s e d s a m p l i n g s c h e du l e t o c h a r a c t e r i z e t he a v e r a g e
^ ^ ^
R n a c t i v i t y i n a
g r o u n d w a t e r s o u r c e
I n t h i s s t u d y , b iw e e k ly s a m p l e s w e r e t a k e n a t f o u r t e e n w e l l s o v e r s a m p li n g p e r i o d s
r a n g i n g fr o m t w o t o s e v e n m o n t h s T w o p r e v i o u s s t u d i e s p r o v i d e d a d di t i o n a l d a t a t o
c h a r a c t e r i z e
^ ^ ^
R n b e h a v i o r o v e r lo n g e r t im e p e r i o d s : t h ir t e e n m o n t h s fo r s i x w e l l s a n d
t w e n t y - s i x m o n t h s f o r t h r e e w e l l s T h e s e d a t a s h o w t e m p o r a l v a r i a t i o n in
^ ^ ^
R n a c t i v it y O f
t h e 1 , 4 6 8 s a m p l e s f r o m a l l t h r e e s t u d i e s , a p p r o x im a t e l y 9 7 p e r c e n t w e r e w i t h i n 3 0 p e r c e n t
o f t h e i r a s s o c i a t e d m e a n
Se v e r a l s p e c i a l s t u d i e s w e r e p e r f o r m e d i n s u p p o r t o f t he m a i n s t u d y T h e m o s t
im p o r t a n t fi n d i n g w a s t h a t m o d e r a t e s a m p l e v o l u m e v a r i a t i o n s d o n o t a f f e c t c o u n t i n g
e f fi c i e n c y
A C K N O WL E D G M E N T S
I a m v e r y g r a t e fu l t o D r J a m e s E W a t s o n , D r D o n a l d G W i l l h o it , a n d D r F e l ix
F o n g f o r s e r v i n g o n m y c o m m it t e e I p a r t i c u l a r l y w i s h t o t h a n k D r W a t s o n , m y t he s i s
a d v i s o r , f o r s p o n s o r i n g m y r e t u r n t o s c h o o l a ft e r a s ix t e e n y e a r a b s e n c e , a n d fo r t e a c h i n g
m e h o w t o b e a b e t t e r t e a c h e r I a p p r e c i a t e t h e c o o p e r a t i o n a n d s u p p o r t o f t h e w e l l
o p e r a t o r s w h o g r a c i o u s ly a g r e e d t o p a r t i c i p a t e i n t h i s s t u dy G r a t it u d e i s e x t e n d e d t o t h e
N o r t h C a r o l i n a D i v i s i o n o f R a d i a t io n P r o t e c t i o n f o r t h e i r s u p p o r t i n f u n d i n g t h i s p r o j e c t
T h a n k s t o E m m a Y o r k fo r h e l p i n g m e g e t s t a r t e d o n t h i s p r o j e c t I a l s o w i s h t o
t h a n k D r Ch a r l e s W e i s s a n d D r S hi r l e y W e i s s fo r t h e i r s u p p o r t a n d e n c o u r a g e m e n t
t h r o u g h t h e i r W e i s s U r b a n L iv a b il i t y F e l l o w s h i p V e r y w a r m r e g a r d s t o a n a n o n y m o u s
f r i e n d
,
f o r t h e p r i c e l e s s m o r a l s u p p o r t A n d o f c o u r s e , I g i v e s p e c i a l t h a n k s t o m y m o t h e r ,
f o r a l l h e r l o v in g s u p p o r t o v e r t h e m a n y y e a r s , a n d fo r t e a c h i n g m e h o w t o r e a d
n i
T A B L E O F C O N T E N T S
L I ST O F T A B L E S v
L I S T O F F I G U R E S v i
IN T R O D U C T I O N 1
L I T E R A T U R E R E V IE W 5
M E T H O D S 1 1
E x p e r im e n t a l D e s i g n 1 1
W e l l S e l e c t i o n 1 3
P r o c e d u r e 1 4
Sa m p l e A n a l y s i s 1 7
L SC P r o t o c o l 1 8
RE SU L T S 2 0
C O N C L U S I O N S 6 7
R E F E R E N C E S 7 2
A PP E N D I X A
,
T A B L E A - 1 : SA M P L E C O L L E C T I O N R A W D A T A 7 5
A P P E N D I X B ,
^ ^ ^
R n A N A L Y SI S U SI N G L I QU I D SC I N T I L L A T I O N
C O U N T I N G 13 3
A P P E N D I X C
,
E F F E C T S O F SA MP L E V O L U ME V A R I A T I O N O N
C A L C U L A T E D
2 ^ ^
R n A C T I V I T Y 13 9
A P P E N D I X D
,
M I SCE L L A N E O U S E X PE R I M E N T S 14 6
A P P E N D I X E
,
D E T E C T I O N L I M I T S 16 2
IV
L I S T O F T A B L E S
T a b l e 1 : S imp l ifi e d U r a n i u m S e r i e s 1
T a b l e 2 : Sit e C ha r a c t e r i s t i c s 1 2
T a b l e 3 : W e l l 1 D a t a Su m m a r y 2 1
T a b l e 4 : W e l l 2 D a t a Su m m a r y 2 3
T a b l e s : W e l l 3 D a t a Su m m a r y 2 5
T a b l e 6 : W e l l 5 D a t a Su m m a r y 2 7
T a b l e 7 : W e l l 6 D a t a Su m m a r y 2 9
T a b l e s : W e l l 7 D a t a Su m m a r y 3 1
T a b l e 9 : W e l l 8 a D a t a Su m m a r y 3 3
T a b l e 1 0 : W e l l 8b D a t a Su m m a r y 3 5
T a b l e 1 1 : W e l l 9 D a t a Su m m a r y 3 7
T a b l e 1 2 : W e l l 1 0 D a t a Su m m a r y 3 9
T a bl e 1 3 : W e l l l l a D a t a Su m m a r y 4 1
T a b l e 1 4 : W e l l l i b D a t a Su m m a r y 4 3
T a b l e 1 5 : W e l l 12 D a t a Su m m a r y 4 5
T a b l e 16 : W e l l 1 3 D a t a Su m m a r y 4 7
T a b l e 1 7 : A d d it i o n a l W e l l s T e s t e d 4 9
T a b l e 1 8 : G r o u n d w a t e r T e m p e r a t u r e s 6 2
T a b l e 1 9 : N u m b e r o f Sa m p l e s W i t h i n S p e c i fi e d P e r c e n t o f M e a n 6 4
T a b l e 2 0 : C u m u l a t i v e P e r c e n t a g e D i f f e r e n c e f r o m t h e G r a n d M e a n 6 5
T a b l e 2 1 : A v e r a g e W i t h i n Sa m p l i n g R u n % R SD 6 6
L I S T O F F I G U R E S
F ig u r e 1 : P a c k a r d T R I - CA R B ® 19 0 0 T R P r e s e t P a r a m e t e r s 1 9
F ig u r e 2 : W e l l 1 R e s u lt s 2 2
F ig u r e 3 : W e l l 2 R e s u lt s 2 4
F i g u r e 4 : W e l l 3 R e s u lt s 2 6
F i g u r e 5 : W e l l 5 R e s u lt s 2 8
F i g u r e 6 : W e l l 6 R e s u lt s 3 0
F i g u r e ? : W e l l 7 R e s u lt s 3 2
F i g u r e s : W e l l 8 a R e s u l t s 3 4
F i g u r e 9 : W e l l 8b R e s u lt s 3 6
F i g u r e 1 0 : W e l l 9 R e s u l t s 3 8
F i g u r e 1 1 : W e l l 1 0 R e s u lt s 4 0
F i g u r e 12 : W e l l 1 1 a R e s u l t s 4 2
F i g u r e 1 3 : W e l l l i b R e s u lt s 4 4
F i g u r e 14 : W e l l 12 R e s u l t s 4 6
F i g u r e 1 5 : W e l l 13 R e s u l t s 4 8
V I
#
I N T R O D U C T I O N
T hi s r e s e a r c h c o n t i n u e d t w o p r e v io u s s t u d ie s (H i g h t o w e r , 1 9 9 4 ; Y o r k , 1 9 9 5 )
i n v e s t i g a t i n g t h e v a r i a t i o n o f r a d o n - 2 2 2 (
^ ^ ^
R n ) a c t i v i t y i n w e l l s p r o v i di n g p u b l i c d r i n k i n g
w a t e r F o u r t e e n w e l l s w e r e s a m p l e d o v e r p e r i o d s r a n g i n g f r o m tw o t o t w e n t y - s i x m o n t h s ,
w i t h b e t w e e n f o u r a n d t h i r t y - n in e s a m p l e s e t s c o l l e c t e d p e r w e l l I d e n t i c a l m e t h o d s w e r e
e m p l o y e d i n a l l t h r e e s t u d i e s t o m i n im iz e v a r i a b i l i t y d u e t o s a mp l i n g a n d a n a l y t ic a l
t e c hn i qu e s T hi s s t u dy di d n o t s e e k t o e x p l a i n w h y
^ ^ ^
R n v a r i e s a m o n g s a m p l e s , it o n l y
s o u g h t t o q u a n t i fy t h e v a r i a t i o n , c o m p a r i n g i n d i v i d u a l
^ ^ ^
R n s a m p l e s fr o m a p a r t i c u l a r w e l l t o
t h a t w e l l ' s a v e r a g e
^ ^ ^
R n a c t iv i t y f o r t h e s a m p l i n g p e r i o d
^ ^ ^ R n i s a n a t u r a l ly - o c c u r r i n g , c h e m i c a l ly - in e r t , r a d i o a c t i v e g a s t ha t i s u b i q u i t o u s i n
t h e e n v i r o n m e n t R n i s p r o d u c e d fr o m t h e r a d i o a c t iv e d e c a y o f r a d iu m - 2 2 6 ( R a ) , w h i c h
i s p a r t o f t h e u r a n i u m s e r i e s A s i l lu s t r a t e d i n T a b l e 1 , t h i s d e c a y s e r i e s s t a r t s w i t h n a t u r a l ly -
o c c u r ri n g u r a n iu m - 2 3 8 (
^ ^ ^
U ) , w h i c h w a s l a i d d o w n w he n t h e E a r t h w a s fo r m e d , a n d e n d s
w i t h t h e st a b le i s o t o p e l e a d - 2 0 6 (
^ ' *^
P b )
P r o g e n y i n t h e u r a n i u m s e ri e s , s u c h a s
^ ^^




w i l l b e f o u n d w h e r e v e r
^ ' ' ^
U
e x i s t s , a n d t h e i r c o n c e n t r a t i o n i n g r o u n d w a t e r w il l b e p ri m a ri ly d e p e n de n t o n t h e a m o u n t o f
^ ' ' ^ U i n t h e u n d e r l y in g g e o l o g y (S im o n e s , e t a l , 1 9 8 8 ) A s a g a s ,
^^ ^
R n i s t h e m o s t m o b i le
i s o t o p e i n t h e s e ri e s B e c a u s e o f i t s v o l a t i l it y ,
^ ^ ^R n r e a d i ly e s c a p e s fr o m s u r f a c e w a t e r s ; b u t
i t s c o n c e n t r a t i o n i n g r o u n dw a t e r s c a n b e s i g n i fi c a n t (H e s s , e t a l , 1 9 8 5 ) T h e r e fo r e , o n l y
o p e r a t o r s o f w a t e r s y s t e m s w h i c h u s e g r o u n d w a t e r (i n w h o l e o r i n p a r t ) n e e d t o b e
c o n c e r n e d w i t h
^ ^ ^
R n c o n t a m i n a t i o n
T h e r e a r e t w o o t h e r n a t u r a ll y - o c c u r r i n g r a d i o a c t i v e i s o t o p e s o f r a d o n :
^ ^ *̂
R n (t h o r o n )
o ri g i n a t i n g fr o m t h e
^ '̂ ^
T h (t h o ri u m ) s e ri e s , a n d
^ ' ^
R n (a c t i n o n ) o ri g i n a t in g fr o m t h e
^ ' ^
U
(a c t in i u m ) s e ri e s W i t h h a l f - li v e s o f 5 5 6 s e c o n d s a n d 3 9 6 s e c o n d s , r e s p e c t i v e l y , t h e s e
i s o t o p e s o f r a d o n a r e n o t a pu b l ic h e a l t h ri s k C o n s e q u e n t l y ,
^ ^ ^
R n i s t h e o n l y i s o t o p e o f
r a d o n t h a t i s o f c o n c e r n (H e s s , e t a l , 1 9 8 5 ) .
T a b l e 1 : S i m p l ifi e d U r a n i u m Se ri e s
N u c l i d e H a l f - l i f e E n c r g >' (M e V ) a n d % o f d is i n te g ra t i o n s
A l p h a
"
B e ta G a m m a
R a d o n P r o du c t i o n fr o m U r a n i u m - 2 3 8
23 8 u
9 2
4 46 8 X 10
' '
y 4 . 18
2 3 4 J l j
9 0
24 10 d 0 1 93 , 0 10 3 0 0 9 2 (4 % )
0 0 6 3 (3% )
23 . p 3 6 7 0 h 2 3 1 1 0 ( 1 5% )
0 7 6 (0 6% )
2 3 4 y
9 2
2 4 5 X 10
'
V 4 76 3
2 3 0 J ,
9 0
7 5 4 X 10
^
y 4 6 8 5 0 06 8 (0 6 %)
R a 1 , 6 00 V 4 7 7 7
- R n
8 6
3 8 2 3 5 d 5 4 8 6 0 5 1 (w e a k )
R a d o n P r o g e n y
P o 3 1 1 m 6 0 02 6
(99 97 8 % )
"^
w e a k 0 18 6 (3 %)
2 1 4 p b
8 2
2 6 8 m 0 6 7
,
0 7 3 0 3 5 19 2 ( 3 6 %)
0 2 9 5 2 2 (2% )
0 2 4 19 2 (7 % )
2 1 4 B i
8 3
19 8 m 5 50 5
(0 0 4 %)
=
1 5 4 , 3 2 7 , 1 5 1
(9 9 9 6 %)
"=
0 6 0 9 3 2 (2 9 5% )
1 12 0 2 8 ( 13 1%)
21 4 P o
8 4
16 3 7 ^ 8 7 6 8 7 1
2 1 0 Pb 2 2 3 y 0 0 17 , 0 06 1 0 0 4 6 5 3 9 (4 5 % )
2 10 B ,
8 3
5 0 1 d 1 16 1
2 , 0 p . 13 8 3 8 d 5 30 4 4 0 80 2 (0 00 1% )




O n ly t h e h i g h e s t a lp h a p a r t i c l e e n e r g y i s h st e d
""
O n ly t h e m o s t p r e v a l e n t be ta p a r ti c l e m a x i m u m e n e r g>
' i s h st e d
"
B r a n c h i n g d e c a y p a t h s ; p e r c e n t a g e sh o w n is fo r i n d i c a t e d d e c a y p a t h
U - u r a n iu m T h - t h o r i u m
R a - r a d iu m R n - r a d o n
P b - l e a d B i - bi s m u t h
P a - p r o t a c ti n i u m
P o - p o l o n i u m
A s T a b l e 1 (C e m b e r , 1 9 8 3 ; W a l k e r , 19 84 ) in d i c a t e s , t h e r e a r e s e v e n r a d i o a c t i v e




a l l o f w h i c h a r e p a r t i c u l a t e s I t i s t h e s e p r o g e n y t h a t p o s e t h e
p r im a r y h e a l t h r i s k , e s p e c i a l l y t h e a l p h a p a r t i c l e - e m it t i n g n u c li d e s T h e h e a lt h r i s k o f t h e s e
p r o g e n y i s a s s o c i a t e d w i t h t h e p r o g e n y f o r m e d f r o m
^ ^ ^
R n a ft e r t h e g a s e n t e r s t h e h o m e
A l a r g e n u mb e r o f p u b l i c w a t e r s u p p l i e s u s e g r o u n d w a t e r t h a t i s c o n t a m i n a t e d w i t h
n a t u r a l ly - o c c u r r i n g r a d i o a c t i v e s u b s t a n c e s Wh e n t h e s e c o n t a m i n a n t s u n d e r g o r a d i o a c t i v e
d e c a y i n t h e b o d y , t h e y m a y i n c r e a s e t h e r i s k o f c a n c e r W h e n r a d o n - l a d e n w a t e r i s u s e d in
t h e ho m e (b a th i n g , c o o k i n g , w a s h i n g , e t c )
^^ ^
R n g a s e s c a p e s i n t o t he a i r I t i s e s t i m a t e d t h a t
1 0
,
0 0 0 p C i/ L o f
' ^ ^
R n i n w a t e r w i l l c o n t r i bu t e a b o u t 1 p C i/ L t o i n d o o r a i r i n a n a v e r a g e




a n d a s s o c i a t e d p r o g e n y , m a y
i n c r e a s e t h e r i s k o f lu n g c a n c e r A l s o , d i r e c t i n g e s t i o n o f r a d o n - l a d e n w a t e r m a y p r e s e n t a
c a n c e r r i s k t o t h e st o m a c h a n d o t h e r i n t e r n a l o r g a n s (E P A , 1 9 9 1 a )
T h e Sa f e D r i n k i n g W a t e r A c t (SD WA ) A m e n dm e n t s o f 1 9 8 6 r e q u i r e d t he U n i t e d
St a t e d E n v i r o n m e n t a l P r o t e c t i o n A g e n c y (U S E P A ) t o s e t a s t a n d a r d f o r
^ ^ ^R n T h e U S E P A
w a s c o m p e l l e d b y t h e
"
n o - r i s k " la n g u a g e o f t h e SD W A A m e n dm e n t s t o p r o p o s e r e g u l a t i o n s
l im i t i n g
^ ^^ R n i n p u b li c w a t e r s u p p l i e s t o a r i s k l e v e l c o n s i s t e n t w i t h o t h e r c a r c i n o g e n s i n
w a t e r H e n c e , E P A p r o p o s e d l im i t in g
^^ ^
R n i n w a t e r t o a l e v e l o f 3 0 0 p C i/ L ( 1 1 1 B q /L )
(E P A , 1 9 9 1 a ) T h i s p r o po s e d l im i t w a s e s t im a t e d t o p r e v e n t 84 o f t h e e s t im a t e d 19 2 a n n u a l
c a n c e r c a s e s a t t r ib u t a b l e t o
^ ^ ^
R n i n w a t e r (U S C o n g r e s s , 1 9 9 5 )
H o w e v e r , o n a v e r a g e ,
^ ^ ^
R n e n t e r i n g a h o m e t hr o u g h t h e w a t e r s u p p ly g e n e r a l l y
c o n t r i bu t e s l e s s t h a n 5 p e r c e n t o f t h e
^ ^ ^
R n g a s i n i n d o o r a ir (E P A , 1 9 9 1b ) W it h a n a v e r a g e
in d o o r ^ ^ ^R n c o n c e n t r a t i o n o f 1 p C i/ L ( Sh a p i r o , 1 9 9 0 ) , t h i s m e a n s g r o u n d w a t e r c o n t r i b u t e s
a p p r o x im a t e l y 0 0 5 p C i /L t o i n d o o r a i r , a n a m o u n t t h a t i s l e s s t h a n t he 0 2 t o 0 7 p C i/ L
a v e r a g e c o n c e n t r a t i o n o f
^ ^ ^
R n i n o u t d o o r a i r (E P A , 1 9 9 1b ) T h e p r i n c i p a l s o u r c e o f
^ ^ ^
R n
e x p o s u r e , b y f a r , i s
^ ^ ^
R n e m a n a t i o n i n t o h o m e s fr o m t h e s o i l E P A e s t im a t e s a t t r i bu t e 1 3
,
6 0 0
[8 0 0 0 t o 4 0 , 0 0 0 ] a n n u a l c a n c e r c a s e s t o
^ ^ ^
R n fr o m s o il (E P A , 1 9 9 1b ; U S C o n g r e s s , 1 9 9 5 ) ,
m o r e t h a n 7 0 t im e s t h e r i s k e s t im a t e f o r
^ ^ ^
R n fr o m w a t e r
D u e t o t h e u n c e r t a i n t y in t h e r i s k e s t im a t e s , t h e c o s t o f c o m p l ia n c e , a n d t h e s m a l l ri s k
T O O O O I
o f R n i n w a t e r c o m p a r e d t o R n i n a i r , C o n g r e s s d e l a y e d p r o m u l g a t i o n o f t h e 3 0 0 p C i/ L
l im it f o r s e v e r a l y e a r s O n N o v e mb e r 2 9 , 1 9 9 5 , t h e S e n a t e p a s s e d a b i l l t o r e a u t h o ri z e t h e
S D W A ( S 13 16 ) T hi s b i l l s e t s t h e li m i t f o r
^^ ^
R n a t 3 0 0 0 p C i /L , r e p r e s e n t i n g a r i s k l e v e l
c o m p a r a b l e t o t he r i s k o f b r e a t h i n g
^ ^ ^
R n i n o u t d o o r a i r C o n g r e s s r a r e ly s e t s s u c h l im it s
d i r e c t l y , n o r m a l ly l e a v i n g s u c h m a t t e r s t o E x e c u t i v e B r a n c h a g e n c i e s s u c h a s t h e U S E P A
O n c e t h e r e g u l a t i o n s f o r
^ ^ ^
R n i n d r i n k i n g w a t e r a r e e n a c t e d , p u b l i c w a t e r s u p p l i e r s
u s i n g g r o u n d w a t e r w i ll b e r e q u i r e d t o s a m p l e p e r i o d i c a l ly t o d e m o n s t r a t e c o m p l i a n c e w i t h
t he r e g u l a t i o n T he f o c u s o f t hi s st u dy w a s t o d e t e r m i n e i f t h e p r o p o s e d s a m p l in g s c h e d u l e i s
a d e qu a t e t o c h a r a c t e r i z e t h e
^ ^ ^
R n a c t i v i t y i n g r o u n d w a t e r s o u r c e s
A n a l y s i s o f w a t e r s a m p l e s w a s b a s e d o n m e t h o d s d e v e l o p e d b y P r i c h a r d a n d G e s e l l
( 1 9 7 7 ) f o r u s i n g l i q u i d s c i n t i l l a t i o n c o u n t i n g f o r a n a ly s i s o f
^^ ^
R n i n w a t e r T h e m e t h o d s i n
t h e c u r r e n t s t u d y d i f f e r e d fr o m t h e P r i c h a r d a n d G e s e l l m e t h o d i n t w o im p o r t a n t w a y s : ( 1 )
m i n e r a l o i l - b a s e d (i n s t e a d o f t o l u e n e - b a s e d ) s c i n t i l l a t i o n fl u i d w a s u s e d a n d (2 ) w a t e r s a m p l e s
w e r e c o ll e c t e d by s l o w ly fi l li n g e a c h v i a l d i r e c t l y f r o m a s p ig o t a t t h e w e l l h e a d (i n st e a d o f b y
s y r i n g e )
L I T E R A T U R E R E V I E W
L e g i s l a t i v e a n d R e e u l a t o r v B a c k g r o u n d
T h e o r i g i n a l SD W A o f 19 7 4 (f o r m a l l y k n o w n a s T it le X I V o f t he P u b l i c H e a l t h
Se r v i c e A c t ) g a v e t h e U S E P A t h e s t a t u t o r y m a n d a t e t o r e g u l a t e c o n t a m i n a n t s i n d r i n k i n g
w a t e r U n d e r t h e A c t
,
c o n t a m i n a n t s w e r e d e fi n e d a s " a n y p hy s i c a l , c h e m i c a l , b i o l o g i c a l , o r
r a d i o l o g i c a l s u b s t a n c e o r m a t t e r i n w a t e r
"
I n 1 9 7 6
,




^ ^ *R a
, g r o s s a lp ha p a r t i c le r a d i o a c t i v i t y , a n d b e t a a n d p h o t o n r a d i o a c t i v it y H o w e v e r ,
^ ^ ^
R n
w a s e x p l i c i t ly e x c lu d e d fi
"
o m t h e s e r e g u l a t io n s d u e t o t h e u n c e r t a i n t i e s a b o u t t h e r i s k o f
^ ^ ^
R n
i n d r i n k i n g w a t e r , c o n t r o l t e c h n o l o g i e s , a n d t r e a t m e n t c o s t s (W i l l i a m s , 19 9 5 )
T h e st a t u t o r y m a n d a t e f o r r e g u l a t i n g
^ ^^
R n i n p u b l i c d r i n k i n g w a t e r s u p p l i e s fi n a l l y
c a m e fi ^ o m Se c t i o n 1 4 12 (b ) o f t h e SD W A A m e n d m e n t s o f 1 9 8 6 T h i s r e q u i r e d t h e U S E P A
t o
"
p u b l i s h M a x im u m C o n t a m i n a n t L e v e l G o a l s (M CL G s ) a n d p r o m u lg a t e N a t i o n a l P r im a r y
D r i n k i n g W a t e r R e g u l a t i o n s (N P D WR s ) f o r c o n t a m i n a n t s i n d r i n k i n g w a t e r w h i c h m a y c a u s e
a n y a d v e r s e e f f e c t o n t h e he a lt h o f p e r s o n s a n d w hi c h a r e k n o w n o r a n t i c i p a t e d t o o c c u r i n
p u b li c w a t e r s y s t e m s
" ^^ ' ^R n w a s c l a s s i fi e d a s a C l a s s A c a r c i n o g e n ; t he r e f o r e , c o n s i s t e n t w it h
o t h e r c a r c in o g e n s , i t h a d a n M CL G o f z e r o (E P A , 19 9 1 a )
I n 1 9 8 6
,
t he E P A p r o p o s e d a M a x im u m C o n t a m i n a n t L e v e l (M CL ) f o r
^ ^ ^
R n o f 3 0 0
p C i/ L T h e l im i t o f 3 0 0 p C i /L w a s b a s e d o n a n e s t im a t e d l if e t im e r i s k o f 2 x 1 0
" ' *
(E P A ,
19 9 1 a ) T h i s r i s k le v e l i s c l o s e t o t h e l O
" ' *
t o 1 0
" *
r i s k r a n g e (
"
n o - r i s k " l e v e l ) t h a t t h e E P A h a s
hi s t o r i c a l l y u s e d t o s e t l im i t s f o r w a t e r b o m e c o n t a m i n a n t s (E P A , 1 9 9 1 a ) T h e r i s k e s t im a t e
w a s b a s e d p r im a r i l y o n t h e l if e t im e l u n g c a n c e r r i s k fi
-
o m i n h a l a t i o n o f
^ ^ ^
R n p r o g e n y r e le a s e d
fi "o m w a t e r t o t h e a i r in r e s id e n c e s ; bu t i t a l s o i n c l u de d a r i s k e l e m e n t t o t h e s t o m a c h a n d
o t he r i n t e r n a l o r g a n s a s s o c ia t e d w i t h in g e s t i o n o f r a d o n - l a d e n w a t e r (L a p p e n bu s c h a n d
C o t he m
,
1 9 8 5 ) T h e 3 0 0 p C i / L l im it a l s o r e c o g n i z e d a n a ly t i c a l l im i t a t i o n s fo r q u a n t i fy in g
^ ^ ^ R n i n w a t e r (E P A , 1 9 9 1 a)
T h e p r o p o s e d 3 00 p C i/ L l im i t f o r
^ ^ ^R n i s s e t a t t h e e s t im a t e d p r a c t i c a l qu a n t i t a t i o n
l e v e l (P QL ) f o r t h i s r a d i o n u c l i d e A P QL i s t he l e v e l a t w h i c h t h e c o n t a m i n a n t c a n b e
a s c e r t a i n e d w i t hi n a s p e c i fi e d m e a s u r e m e n t u n c e r t a i n t y o n a r o u t i n e b a s i s b y qu a l i fi e d
la b o r a t o ri e s T h e P Q L i s n o t a d e t e c t i o n l im it f o r a p a r t i c u l a r p r o c e d u r e a t a p a r t i c u l a r
la b o r a t o r y ; i n s t e a d , i t i s a l e v e l o f d e t e c t i o n t h a t E P A b e l i e v e s c a n b e a c h i e v e d a t m o s t
qu a l i fi e d l a b o r a t o ri e s P QL a n d r e l a t e d c o n c e p t s a r e d i s c u s s e d i n m o r e d e t a i l i n A p p e n d i x E
T h e E P A p u b l i s he d t h e p r o p o s e d r e g u l a t i o n s i n t h e F e d e r a l R e g i s t r y o n Ju ly 18 , 1 9 9 1
f o r in c lu s i o n i n 4 0 C FR P a r t s 14 1 a n d 14 2 w i t h im p l e m e n t a t io n b e g i n n i n g o n J a n u a r y 1 ,
1 9 9 6 T h e r e g u l a t io n s w o u l d a p p l y t o a l l c o m m u n it y (i e , m o r e t h a n 1 5 c o n n e c t i o n s o r
s e r v i n g m o r e t h a n 2 5 p e r s o n s ) a n d a l l n o n - t r a n s i e n t , n o n - c o mm u n i t y p u b l i c w a t e r s y s t e m s
(i e , r e s t a u r a n t s , s e r v i c e s t a t i o n s , e t c ) T h e p r o p o s e d r e gu l a t i o n s w o u l d n o t a p p ly t o p ri v a t e
w a t e r s y s t e m s (E P A , 1 9 9 1 a )
I n 1 9 9 2
,
C o n g r e s s a t t a c h e d t h e C h a f e - L a u t e n b e r g a m e n dm e n t t o t h e E P A
a p p r o p ri a t i o n s b il l I n p a r t , t h i s a m e n dm e n t e x t e n d e d t h e d e a d li n e f o r im p l e m e n t i n g t h e E P A
'
s
p r o p o s e d
^ ^ ^
R n r e g u l a t io n s a n d r e q u ir e d t he E P A t o p r e p a r e a r e p o r t t o C o n g r e s s o n t h e r i s k
a n d r e g u l a t o r y a c t i o n s a s s o c i a t e d w i t h
^ ^ ^
R n T h i s r e p o r t w a s p r e s e n t e d i n 1 9 9 4
A s s t a t e d p r e v i o u s l y , t h e Se n a t e p a s s e d a bi l l i n 1 9 9 5 s e t t i n g t h e
^ ^ ^ R n l im i t a t 3 0 0 0
p C i/ L A lt h o u g h t h e ri s k le v e l i s a t l e a s t 1 0 t im e s h i g h e r t h a n f o r o t h e r c o n t a m i n a n t s
c o n t r o l l e d b y t h e SD W A , i t r e c o g n i z e s t h e f a c t t h a t t h i s l e v e l o f
^ ^ ^ R n i n w a t e r p o s e s
a p p r o x im a t e l y t h e s a m e ri s k l e v e l a s d o e s e x p o s u r e t o
^^ ^ R n i n n o r m a l o u t d o o r a i r
U n d e r t he p r o p o s e d r e g u l a t i o n , w a t e r s u p p ly sy s t e m s t h a t u s e g r o u n dw a t e r (p a r t ly o r
e n t i r e ly ) w o u l d i n i t i a l l y h a v e t o s a mp l e f o r
^ ^ ^ R n d u r i n g f o u r c o n s e c u t i v e q u a r t e r s f o r t he fi r s t
y e a r o f s a m p l i n g , a n d t h e n a n n u a l l y f o r t h e n e x t t w o y e a r s (i f t h e a v e r a g e o f t h e fi r s t y e a r
s a m p le s a r e w it h i n l im i t s ) C o m p li a n c e w o u l d b e d e m o n s t r a t e d b y t h e a rm u a l a v e r a g e
S a m p l e s w o u l d b e t a k e n a t t h e w e l l o r a t t h e e n t r y p o i n t t o t h e d i s t ri bu t i o n s y s t e m Sy st e m s
fa i li n g t o m e e t t h e s t a n d a r d w o u l d b e r e q u i r e d t o i m p l e m e n t B e s t A v a i l a b l e T e c h n o lo g y (e . g . ,
a e r a t i o n ) , u n l e s s e x e m pt e d (E P A , 1 9 9 1 a )
T w o s a m p l i n g m e t h o d s a r e p r o p o s e d i n t h e r e g u l a t i o n s f o r q u a n t i fy i n g
^ ^ ^
R n in w a t e r
s u p p l i e s : t h e L u c a s c e l l m e t h o d a n d l i qu i d s c i n t i ll a t i o n c o u n t i n g (L S C ) L S C i s t h e q u i c k e s t ,
m o s t c o n v e n i e n t
,
a n d m o s t e c o n o m i c a l m e t h o d f o r l a r g e - s c a l e s a m p l i n g a n d w a s u s e d f o r t h i s
s t u dy (E P A , 19 9 1a )
R e l e v a n c e o f C u r r e n t St u d y
Si n c e c o m p l i a n c e w it h t he n e w
^ ^ ^
R n s t a n d a r d w il l e v e n t u a l l y r e q u i r e o n ly o n e g r a b
s a m p l e t a k e n o n c e a y e a r , it i s o f i n t e r e s t t o u n d e r s t a n d h o w c l o s e ly a n y s i n g l e s a m p l e t a k e n
d u r i n g t h e y e a r r e l a t e s t o t h e a n n u a l a v e r a g e T h i s s t u d y c o n t i n u e d t h e r e s e a r c h c o n d u c t e d b y
H ig ht o w e r ( 19 9 4 ) a n d Y o r k ( 19 9 5 ) t o e v a l u a t e h o w
^ ^ ^ R n c o n c e n t r a t i o n s i n s a m p l e s f r o m
p u b Hc w a t e r s u p pl ie s v a r y a m o n g s a m p l i n g r u n s m a d e a p p r o x im a t e ly e v e r y t w o w e e k s d u r i n g
t h e y e a r B y c o m b i n i n g t h e d a t a f r o m t h e s e t w o s t u d i e s w i t h t h o s e o b t a i n e d fr o m t h e c u r r e n t
s t u dy , a n e s t im a t e o f t h e a v e r a g e
^ ^ ^
R n c o n c e n t r a t i o n f o r e a c h w e l l w a s c a l c u l a t e d a n d t he n
c o m p a r e d w i t h e a c h s a m p l e t a k e n f r o m t h a t w e ll
T h i s s t u d y d i d n o t t r y t o s e p a r a t e t h e t e m p o r a l c o m p o n e n t o f v a r i a t i o n fr o m a l l o t h e r
f a c t o r s t h a t a f e c t s a m p l e r e s u l t s T h e s e m a y h a v e i n c lu d e d t im e o f y e a r , t im e o f d a y , w a t e r
u t i l i z a t i o n (e g , 1 - d a y , 3 - d a y , o r 1- w e e k m o v in g a v e r a g e s o f w a t e r v o l u m e d r a w n fr o m t h e
a q u i f e r ) , a t m o sp he r i c p r e s s u r e , h u m i d it y , r a i n f a l l , t im e o f s a m p l e r e l a t iv e t o t h e t im e t h e
p u m p h a s b e e n r u n n i n g , v o lu m e v a r i a t io n s , w e l l s p i g o t s e t t in g v a r i a t i o n s , p l u m b in g c h a n g e s
b y t he w e l l o p e r a t o r , d e l a y t im e s b e t w e e n s h a k i n g a n d c o u n t i n g , e t c
H o w e v e r
,
t h e s t u d y d i d s ho w h o w
^ ^ ^
R n m e a s u r e m e n t s u s i n g a c o n s i s t e n t a n a ly t i c a l
p r o c e s s c a n v a r y a m o n g s a m p l in g r u n s P e r h a p s d u r i n g t h e l o n g s a m p l i n g p e r i o d u s e d (m o r e
t h a n t w o y e a r s f o r t h r e e w e l l s a n d m o r e t h a n a y e a r f o r s i x w e l l s ) , m o s t v a ri a t i o n s h a v e b e e n
m a n i f e st e d
,
a l l o w i n g a g o o d e s t im a t e o f t h e s a m p l i n g d i s t r i b u t i o n f o r e a c h w e l l
P r e v i o u s St u d i e s o f S a m p l i n g a n d A n a l y t i c a l M e t h o d s
T h e p r o c e d u r e s u s e d i n t h e c u r r e n t s t u d y a n d t h e p r e v i o u s s t u d y (Y o r k , 19 9 5 ) w e r e
e s t a b l i s h e d i n i t i a l ly d u ri n g t h e H i g h t o w e r s t u d y ( 19 9 4 ) T h e p r o c e du r e w a s n o t a k e r e d s o
c o m p a ri s o n s o f t he t h r e e s t u d i e s w o u l d n o t b e c o n f o u n d e d by m e t h o d c h a n g e s H o w e v e r ,
u n d e r s t a n di n g t h e c o n s e q u e n c e s o f v a r y i n g t h e a n a ly t ic a l m e t h o d s c a n b e im p o r t a n t t o
i n t e r p r e t i n g t h e r e s u l t s o f t h i s s t u d y .
P r o p o s e d E P A r e g u l a t i o n s a l l o w u s e o f e i t h e r t h e L u c a s C e l l m e t h o d o r li q u i d
s c i n t i l l a t i o n c o u n t i n g f o r a n a l y s i s o f
^ ^ ^
R n Sc i n t i l l a t i o n c o u n t i n g r e f e r s t o a n y o f a n u m b e r o f
p r o c e s s e s t h a t qu a n t i fy r a d i o a c t iv i t y b y m e a s u r i n g t h e r a t e o f l i g ht e m i s s i o n (s c i n t i ll a t i o n s )
c a u s e d b y r a d i o a c t i v e e v e n t s I n l i q u i d s c i n t i l l a t io n c o u n t i n g , r a d i o a c t i v e s u b s t a n c e s a r e
p l a c e d d i r e c t l y in a s c in t i l l a t i o n f l u i d (fl u o r ) w hi c h p r o d u c e s l i g ht i n r e s p o n s e t o n u c l e a r d e c a y
e m i s s i o n s T h e a d v a n t a g e o f t h i s a p p r o a c h i s t h a t t h e r e i s v e r y l i t t l e l o s s o f e n e r g y
(a t t e n u a t i o n ) b e t w e e n d e c a y e m i s s i o n a n d d e t e c t i o n ; t h e r e f o r e , i t c a n b e a v e r y s e n s it i v e
m e a s u r e o f r a d i o a c t i v it y
L i q u i d s c i n t il l a t i o n c o u n t i n g w il l m o s t l ik e ly b e u s e d f o r c o m p l i a n c e s a m p l i n g a n d w a s
u s e d e x c l u s i v e l y i n t hi s s t u d y T he u s e o f l iq u i d s c i n t i l l a t i o n c o u n t i n g o f
^ ^ ^
R n s a m p l e s i s
c o v e r e d m o r e d e t a i l i n A p p e n d i x B T he p r o p o s e d E P A p r o c e d u r e f o r p r o c e s s i n g
^ ^ ^
R n i n
w a t e r s a m p l e s i s d e s c r ib e d i n A p p e n d i x D T h i s A p p e n d i x a l s o s u m m a r i z e s t h e r e s u l t s o f
s e v e r a l e x p e r i m e n t s d e s i g n e d t o e v a l u a t e t h e c o n s e q u e n c e s o f c h a n g in g s a m p l i n g a n d
a n a l y t i c a l m e t h o d s
A s d e s c r ib e d i n d e t a i l i n t h e M e t h o d s s e c t i o n s , t h e c u r r e n t s t u dy a n a ly z e d f o r
^ ^^
R n i n
w a t e r b y a d d i n g a p p r o x im a t e l y 1 0 mL o f w e l l w a t e r (d i r e c t f lo w fr o m a s p i g o t ) t o a 2 3 mL
g l a s s v i a l c o n t a i n i n g 10 m L o f s c i n t il l a t i o n fl u id (a k a , s c i n t i l la t o r o r fl u o r ) T h e r e s u lt i n g
"
s c i n t i l l a t i o n c o c k t a i l " w a s t h e n c o u n t e d in a l iq u i d s c i n t il l a t i o n c o u n t e r , w i t h t h e c o u n t s f r o m
c h a n n e l s 5 t o 1 8 5 0 ( 5 t o 1 85 0 k e V b e t a e n e r g y ) u s e d f o r a n a ly s i s
Se v e r a l s t u d i e s h a v e s o u g ht t o im p r o v e
^ ^ ^
R n in w a t e r a n a ly s i s by c h a n g i n g t h e v i a l
t y p e s , t h e c o u n t i n g w i n d o w , t h e s c i n t i ll a t i o n fl u i d , t h e s c i n t i ll a t o r - t o - w a t e r r a t i o , c o u n t i n g
t im e s
,
e t c L o w r y ( 19 9 1 ) p e r f o r m e d a s e r i e s o f e x p e r im e n t s d e s i g n e d t o o p t im iz e c o u n t i n g o f
w a t e r s a m p l e s w i t h
^ ^ ^
R n a c t i v it y T h e f o l l o w i n g r e s u lt s w e r e r e p o r t e d ; ( 1 ) t h e u n c e r t a i n t y
a s s o c i a t e d w i t h s a m p l i n g a n d s u b s e q u e n t a n a l y s i s i s l e s s t h a n 3 p e r c e n t (2 - o ) ; (2 ) t h e
o p t im u m w a t e r - t o - s c i n t i l l a t o r r a t i o in a 2 3 mL s a m p l e v i a l i s 1 7 : 5 ( 17 m L o f s a m p l e w i t h 5
m L o f s c i n t i l l a t o r ) ; (3 ) t h e o p t i m u m c o u n t i n g w i n d o w (t o m i n im i z e u n c e r t a i n t y ) f o r t h e 17 : 5
c o c k t a il i s c h a n n e l s 7 0 - 3 0 0 ; (4 ) f o r t h e s e o p t im u m c o u n t i n g c o n d i t i o n s ,
^ ^ ^
R n a c t iv i t y o f 8 0
t o 1 0 0 p C i/ L (a t t im e o f c o u n t ) c o u l d b e d e t e r m i n e d w it h l e s s t h a n 1 0 p e r c e n t t o t a l
u n c e r t a i n t y
A s t u d y b y K i n n e r , e t a l ( 1 9 9 1 ) a l s o i n v e s t ig a t e d m e t h o d s f o r o p t im i z i n g t h e a n a ly s i s
o f
^^ ^
R n i n w a t e r s a m p le s T h e f o l l o w i n g r e s u h s w e r e r e p o r t e d : ( 1) c o l l e c t i n g s a m p l e s
d i r e c t l y w i t h a s y r i n g e y ie l d e d a p p r o x i m a t e ly 8 p e r c e n t h ig h e r
^ ^ ^
R n a c t i v it i e s t h a n fi l l i n g
s a m p le c o n t a i n e r s d ir e c t l y ; ( 2 ) m i n e r a l o i l - b a s e d s c i n t i l l a t i o n f lu id ha s l o w q u e n c h c o r r e c t i o n ;
(3 ) P a c k a r d O p t i fl u o r - 0 c o c k t a i l p r o d u c e s r e s u l t s e q u i v a le n t t o m i n e r a l o i l - b a s e d c o c k t a i l ,
b u t a t a f r a c t i o n o f t h e c o s t ; (4 )
^ ^ ^
R n t r a n s f e r s s o r e a d il y i n t o t h e o r g a n i c p h a s e o f t h e
c o c k t a il t h a t s h a k i n g c o c k t a il s p r i o r t o c o u n t i n g y i e l d s l e s s t h a n a 5 p e r c e n t in c r e a s e i n
c o u n t s
A s t u d y b y V i t z ( 1 9 9 1) r e p o r t e d t h a t t h e r e i s a n u n a c c e p t a b l e a b s o r p t i o n a n d l o s s o f
^ ^ ^
R n g a s in p l a s t i c v i a l s T h i s i s u n f o r t u n a t e , s i n c e p l a st i c v i a l s d o n o t b r e a k t he w a y g l a s s
v i a l s d o Se v e r a l s a m p l e s w e r e l o s t i n t h i s s t u d y w h e n t h e g l a s s s h e a r e d du r i n g l o w
t e m p e r a t u r e s a mp l i n g r u n s
A r e v i e w o f t h e s e a r t i c l e s r a i s e d s e v e r a l qu e s t i o n s a b o u t t h e m e t h o d s u s e d i n t h i s
s t u d y I t s e e m e d p o s s i b l e t h a t v a r i a t i o n s i n c a lc u l a t e d
^ ^ ^R n a c t i v i t y m i g ht a c t u a l l y b e du e , i n
p a r t , t o v a r i a t i o n s i n t h e s a m p l in g p r o c e s s o r q u e n c h i n g o r b o t h , a n d n o t t o a c t u a l v a r i a t i o n s
i n i n g r o u n d
^ ^ ^
R n a c t i v it y A s r e p o r t e d i n A p p e n d i x C a n d A p p e n di x D , s e v e r a l e x p e r im e n t s
w e r e c o n d u c t e d t o i n v e s t i g a t e t he s e c o n c e r n s
P r e v i o u s St u d i e s o f T e m p o r a l V a r i a t i o n
T he p u b l i s h e d s t u d i e s o n
^ ^^
R n i n g r o u n d w a t e r s e e m t o f o c u s o n c h a r a c t e r i z i n g t he
«
^ ^ ^
R n a c t i v i t y f o r l a r g e n u mb e r s o f w a t e r s u p p l ie s , w i t h o n l y a s i n g l e s a m p l e t a k e n a t e a c h
s i t e O n l y a f ew s t u d i e s s e e m t o d ir e c t ly a d d r e s s t e m p o r a l v a ri a t i o n o f
^ ^ ^
R n a c t iv i t y a t a
s p e c i f i c s it e , o r s i t e s , f o r p e r i o d s l o n g e r t h a n a y e a r T h e r e a r e a fe w o t h e r s t u d i e s f r o m w h i c h
g r o u n d w a t e r
^ ^ ^
R n b e h a v i o r o v e r t im e m ig h t b e i n f e r r e d ; h o w e v e r , t h e s e s t u d i e s s e e m t o
i n v o lv e t o o f e w s a m p l e s o r t o o sh o r t a st u d y p e r i o d t o c h a r a c t e r iz e
^ ^ ^R n v a r ia t i o n I t s e e m s
th a t t h i s a n d t h e p r e v i o u s t w o s t u d i e s (H i g ht o w e r , 1 9 9 4 ; Y o r k , 19 9 5 ) h a v e c o l l e c t e d t h e
m o s t d a t a r e l e v a n t t o t hi s i n q u i r y
T h e r e i s o n e s t u d y w i t h a l a r g e n u m b e r o f s a m p l e s c o l l e c t e d o v e r a n e n t ir e y e a r F a r a i
a n d Sa n n i ( 1 9 9 2 ) r e p o r t t h e r e s u l t s o f a s t u d y i n N ig e r i a in w h i c h 19 w e ll s w e r e s a m p l e d o v e r
a p e r i o d o f o n e y e a r u s i n g d i r e c t g a mm a c o u n t i n g O n e w e l l w a s s a mp l e d t h r e e t im e s a w e e k
d u r i n g th e s t u d y p e ri o d ; t h e o t h e r 1 8 w e l l s w e r e s a m p l e d
"
a t r a n d o m i n t e r v a l s " a n u n s p e c i f i e d
n u mb e r o f t im e s T h e m o s t fr e q u e n t l y s a m p l e d w e l l h a d a m e a n
^ ^ ^
R n a c t iv i t y o f 4 0 0 p C i/ L ±
9 5 % ( l - o ) , w i t h a m a x im u m d e v i a t i o n fr o m t h e m e a n o f 2 l a f o r t h e e n t i r e y e a r T h e 18
o t h e r w e l l s s h o w e d s l ig h t t o m o d e r a t e v a ri a t i o n i n
^ ^ ^
R n a c t i v i t y , w it h r e l a t i v e p e r c e n t
s t a n d a r d d e v i a t io n s r a n g i n g f r o m 1 5 p e r c e n t (a t f o u r d if f e r e n t w e l l s ) t o 1 7 9 p e r c e n t
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M E T H O D S
E x p e r im e n t a l D e s i g n
N o im p o r t a n t c h a n g e s w e r e m a d e t o t h e s a m p l i n g a n d a n a l y t i c a l m e t h o d s u s e d i n t h e
t w o p r e v i o u s s t u d ie s (H i g h t o w e r , 1 9 9 4 ; Y o r k , 1 9 9 5 ) A l t ho u g h t h e a n a ly t i c a l p r o c e d u r e
m ig h t h a v e b e e n i m p r o v e d , c h a n g e s i n m e t h o d s w o u l d h a v e p o t e n t i a l l y c o n f o u n d e d t h e a b i l it y
t o c o m p a r e t h e r e s u lt s o f t hi s s t u d y w i t h th e t w o p r e v i o u s st u d i e s
F o u r t e e n w e l l s w e r e s a m p l e d i n t h i s s t u dy , w i t h s a m p l i n g p e r i o d s r a n g i n g fr o m tw o t o
s e v e n m o n t h s S a m p li n g c o n t i n u e d o n n i n e o f t h e t e n w e l l s fr o m t he Y o r k s t u d y (W e l l s 1 , 2 ,
3
,







a n d 13 ) Six o t h e r w e ll s w e r e s a m p l e d o n c e d u r i n g t he s t u d y A s u m m a r y o f
w e l l c h a r a c t e r i s t i c s i s s ho w n i n T a b l e 2
T h e
^ ^^
R n a c t i v it y i n t h e w e l l w a t e r s a m p l e s w a s a n a ly z e d u s i n g l i qu i d s c in t i l l at io n
c o u n t i n g A p p r o x im a t e l y e qu a l v o l u m e s o f m i n e r a l o i l - b a s e d s c i n t i l l a t i o n fl u i d a n d w e l l w a t e r
w e r e m i x e d t o f o r m a s c i n t il l a t i o n c o c k t a i l f o r c o u n t i n g F o r e a c h s a m p l e , a p pr o x im a t e ly 1 0
m L o f w e l l w a t e r w e r e c o l l e c t e d i n a 2 3 m L b o r o s i l i c a t e g l a s s v ia l c o n t a i n in g 10 m L o f
m i n e r a l o il - b a s e d s c i n t i l l a t i o n f lu i d (P a c k a r d , M i n e r a l O i l Sc in t il l a t o r /H i g h E fi c i e n c y , 4 l i t e r ,
6 N E 9 5 74 ) T h e r e s u lt i n g s c i n t i l l a t i o n c o c k t a i l w a s c o u n t e d i n a P a c k a r d M o d e l T R I - CA R B ®
19 0 0 T R l i q u i d s c i n t i l l a t i o n c o u n t e r (L SC ) ( se r i a l n o 4 0 5 13 5 ) , w h i c h w a s r o u t i n e ly c a l ib r a t e d
u s i n g a P a c k a r d c a l ib r a t i o n s e t c o n t a i n i n g a c a r b o n - 14 (
' *
C ) s t a n d a r d [ 12 3 , 4 0 0 d p m
(0 3 /2 1/ 9 4 )] , a t r i t iu m (
^
H ) s t a n d a r d [ 2 4 2 , 2 0 0 d pm (0 3 /2 1/ 9 4 )] , a n d a b a c k g r o u n d st a n d a r d
T h e a c t i v i t y i n e a c h s a m p l e w a s d e t e r m i n e d b y c o mp a r i n g t h e c o u n t s p e r m i n u t e
(C PM ) ab o v e b a c k g r o u n d f o r t h e s a m p l e t o t h e CP M a b o v e b a c kg r o u n d fo r a t l e a st o n e
r e f e r e n c e o f k n o w n
^ ^ ^
R n a c t iv it y A l l s a m p l e s w e r e c o u n t e d u n t i l 2 s t a n d a r d d e v i a t i o n s o f t h e
g r o s s c o u n t e q u a l e d 2 p e r c e n t o f t h e g r o s s c o u n t (2 a t e r m i n a t o r ) , o r 5 0 m i n u t e s , w h i c h e v e r
o c c u r r e d fi r s t O n l y c o u n t s in t h e 5 k e V t o 1 85 0 k e V w i n d o w w e r e u s e d fo r b o t h t h e
r e f e r e n c e s
,
s a m p l e s , a n d b a c k g r o u n d c o u n t s .
1 1
T a b l e 2 : S i t e C h a r a c t e ri s t i c s
W e l l C o u n t y
(N o r t h C a r o l i n a )
P o p u l a t i o n S e r v e d
F r a n k l i n S m a l l t o w n
F r a n k li n S m a l l t o w n
W a k e T r a i l e r p a r k
O r a n g e R e c r e a t i o n a l a r e a
O r a n g e T r a i l e r p a r k
O r a n g e Su b d iv i s i o n
8 a & 8b C ha t h a m Su b d iv i s i o n
Ch a t h a m Su b d iv i s i o n
1 0 Ch a t h a m S u b di v i s i o n
l l a & l i b O r a n g e Su b d i v i s io n
1 2 C h a t h a m Su b d i v i s i o n
1 3 O r a n g e Su b d i v i s i o n
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T h e r a d i u m s t a n d a r d s w e r e u s e d t o e s t a b l i s h t h e c o u n t i n g e fl fi c i e n c y ( i e , c a l ib r a t i o n
f a c t o r ) T h e c a l i b r a t i o n f a c t o r i s s im p ly t h e c o u n t s p e r m i n u t e (C P M ) a b o v e b a c k g r o u n d (i n
t h e 5 t o 1 8 5 0 k e V w i n d o w ) di v i d e d b y th e k n o w n
^ ^ ^
R n a c t iv i t y in t h e r e f e r e n c e I n t h e Y o r k
a n d H i g ht o w e r s t u d i e s , t h e c a l i br a t i o n f a c t o r s a v e r a g e d a p p r o x im a t e ly 10 CP M / p C i T hi s
m e a n s t h a t a p p r o x im a t e ly 9 1 p e r c e n t ( 1 0 / 1 1 ) o f a l l d e c a y e v e n t s w e r e b e i n g c o u n t e d b y t h e
L SC i n t h e 5 t o 1 8 5 0 k e V w in d o w F o r t h e f u l l s p e c t r u m (0 5 t o 2 0 0 0 k e V ) , t h e c a l ib r a t i o n
f a c t o r w a s a p p r o x im a t e l y 1 0 4 , m e a n i n g t h a t t h e L SC w a s d e t e c t i n g a p p r o x im a t e l y 9 4 5
p e r c e n t o f a l l d e c a y s e v e n t s a s s o c i a t e d w it h
^ ^ ^
R n a n d it s p r o g e n y i n t h i s p a r t i c u l a r c o c k t a i l
A ll d e c a y s o c c u r ri n g i n t he w e l l w a t e r s a m p l e s w e r e a t t r i bu t e d t o
^ ^ ^
R n
T o e s t a b l i s h t h e r a d o n c o n c e n t r a t i o n (p C i /L ) i n t h e w e l l w a t e r s a m p l e , t h e C P M o f
t h e s a m p l e w a s d iv i d e d b y t h e c a l i br a t i o n f a c t o r T h i s a c t i v i t y w a s t h e n d iv i d e d by t h e v o l u m e
o f w a t e r i n t he s a m p l e (i n l i t e r s ) a n d d e c a y c o r r e c t e d t o o b t a i n a n e s t im a t e o f t h e
^ ^^
R n
c o n c e n t r a t io n in t he s a m p le a t t h e t i m e o f c o l l e c t i o n D e c a y c o r r e c t i o n i s n e c e s s a r y d u e t o t h e
s h o r t h a lf - l i f e o f ^ ^ ^ R n (3 . 8 2 3 5 d a y s ) T h e t im e b e t w e e n d r a w i n g t h e s a m p l e a n d t h e m i d ¬
p o i n t o f t h e c o u n t w a s u s e d f o r t h e d e c a y c o r r e c t i o n w h i c h w a s c a l c u l a t e d a s f o l l o w s :
D e c a y C o r r e c t i o n
=
q
Qu e n c h c o r r e c t i o n w a s n o t e m p l o y e d i n a n y o f t h e t hr e e s t u d ie s d u e t o t h e l a c k o f
q u e n c h s t a n d a r d s f o r
^ ^ ^ R n H o w e v e r , t hi s s t u d y s h o u l d n o t b e s i gn i fi c a n t l y a f f e c t e d b y
q u e n c h i n g w it h t he 5 t o 1 8 5 0 k e V c o u n t i n g w i n d o w
W e l l S e l e c t i o n
N i n e w e l l s i n t hi s s t u d y w e r e p r e v i o u s ly s a m p l e d b y Y o r k ( 19 9 5 ) O f t h e s e n in e w e l l s ,
t h r e e h a d a l s o b e e n s a mp l e d b y H ig h t o w e r ( 1 9 9 4 ) F i v e a d di t i o n a l w e l l s w e r e n e w t o t h i s
s t u dy T h e s e l e c t i o n p r o c e s s i s w e l l d e s c ri b e d i n Y o r k
'
s m a s t e r s t h e s i s W e l l s w e r e n o t
r a n d o m l y s e l e c t e d , s i n c e m o s t w e l l o p e r a t o r s c o n t a c t e d r e f u s e d t o p a r t i c i p a t e i n t h e s t u dy I n
f a c t
,
s e v e n o f t h e f o u r t e e n w e l l s u s e d i n t h i s s t u dy , a r e o p e r a t e d b y t h e s a m e c o m pa n y A n
e f f o r t w a s m a d e t o s a m p l e a n a d d i t i o n al t h i r t y w e l l s , b u t e i t h e r p e r m i s s i o n w a s d e n i e d o r
l e t t e r s a n d p ho n e c a l l s w e r e n o t r e t u r n e d
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T h r e e w e l l s u s e d i n t h i s s t u d y a r e l o c a t e d w i t h in t w e n t y m i l e s o f R a l e i g h , N C T h e
Ot he r e l e v e n w e l l s a r e l o c a t e d w i t h i n t e n m i l e s o f C h a p e l H i l l , N C T hr e e w e l l s a t Si t e 8
s u p p l y t h e s a m e ho l di n g t a n k O n e o f t he s e w e l l s w a s s a m p l e d b y Y o r k a n d o n e o f t h e t w o
o t h e r w e l l s w a s a d d e d t o t h e s a m p l i n g p r o g r a m o f t hi s st u d y T h e r e a r e t w o w e l l s a t S it e 1 1
s u p p l y i n g t h e s a m e h o l d i n g t a n k U n f o r t u n a t e ly , t h e s e c o n d w e l l (W e l l 1 l b ) w a s o n l y
a c c e s s i b le w h e n t h e w e l l o p e r a t o r h a d r e m o v e d t he w e l l c o v e r T he w e l l a t Si t e 9 w a s
r e d r i l l e d d u r i n g t he t im e t h e Y o r k s t u dy e n d e d (M a r c h , 1 9 9 5 ) a n d t h i s s t u d y b e g a n (M a y ,
1 9 9 5 ) .
P r o c e d u r e
F i v e s a m p l e v i a l s w e r e p r e p a r e d f o r e a c h w e l l , p l u s at l e a s t t hr e e s p a r e v i a l s t o b e
a v a i l a b l e i n t he e v e n t o f p o t e n t i a l m i s ha p s F o r e a c h s a m p le , 1 0 m L o f m i n e r a l o i l s c i n t il l a t i o n
fl u i d w e r e d i s p e n s e d i n t o a 2 3 m L b o r o s i l i c a t e g l a s s v ia l
*
w i t h a 2 0 m L R E P I P E T ®
d i s p e n s e r
*
m o u n t e d o n t h e 4 L s c i n t i l l a t o r b o t t l e V i a l s w e r e s e a l e d w i t h a w hi t e u r e a c a p
w it h c o n e - sh a p e d pl a s t i c l i n e r s u p p l i e d w it h th e v i a l s T h e w e ig h t o f e a c h v i a l , w i t h c a p , w a s
t h e n r e c o r d e d (t o t h e n e a r e s t 1/ 1 0 0 t h g r a m )
A t l e a s t f i v e s a m p l e s w e r e n o r m a ll y t a k e n a t e a c h w e l l d u r i n g e a c h s a m p li n g r u n V i a l
c a p s w e r e l a b e l e d t o i d e n t ify t h e w e l l a n d t h e s a m p l e s e q u e n c e ( e g , a c a p l a b e le d
"
1 0 - 5
"
w o u l d b e t h e fi ft h s a m p l e d r a w n o n W e l l 1 0 ) O n o c c a s i o n , s p i l l a g e o r b r e a k a g e r e s u h e d i n
l e s s t h a n fi v e s a m p l e s p e r w e l l
E a c h w e l l w a s a l l o w e d t o o p e r a t e (i e , p u r g e ) f o r a t l e a s t fi v e m i n u t e s p r i o r t o s a m p l e
c o l l e c t i o n T h i s c o mm o n p u r g i n g t im e w a s b a s e d o n c a l c u l a t i o n s a n d e x p e r im e n t a l d a t a
c o l l e c t e d in a p r e v i o u s s t u dy ( Y o r k , 1 9 9 5 ) P u r g in g o c c u r r e d by a l l o w i n g fu l l p u m p fl o w t o
t h e h o l di n g t a n k o r , i f a v a i l a b l e , a d i s c h a r g e p i p e t o t h e e n v i r o n m e n t P u r g i n g a l l o w e d a n y
v o l u m e o f w a t e r s t a n d i n g i n t h e w e l l s h a ft t o b e p u m p e d o u t , s o t h a t t h e s a m p l e c a m e d i r e c t l y
S o l d a s 2 0 mL b o r o s i l i c a t e g l a s s v i a l s w i t h w h i t e u r e a c a p w i t h c o n e s ha p e d p l a s t i c
l i n e r , F i s h e r , 0 3 - 3 3 7 - 7
"
F i s he r , 1 3 - 6 8 7 - 2 1
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f r o m t h e a q u i f e r T h i s i s n e c e s s a r y , s i n c e w a t e r s t a n d i n g i n a t he w e l l s h a ft c a n l o s e R n
t h r o u g h d e c a y (t i m e u n k n o w n ) a n d d e g a s s in g
P u m p s w e r e c y c l e d o n b y a n y c o m b i n a t io n o f t h e f o l l o w i n g : d r a i n i n g d o w n t h e t a n k
u n t i l t h e l o w p r e s s u r e s w i t c h a c t u a t e d , m a n u a l l y a c t u a t in g t h e p r e s s u r e s w i t c h i f p r e s s u r e w a s
l e s s t h a n t h e h i g h p r e s s u r e r e s e t , o r s im pl y w a i t in g l o n g e n o u g h f o r t h e p u m p t o c o m e o n
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t r a n s p o r t m e c h a n i s m i n t o t h e a q u e o u s p h a s e
A ft e r s h a k i n g , t h e s a m p l e s w e r e t h e n a l l o w e d f o u r ho u r s t o d a r k a d a p t a n d c o m e t o
s e c u la r e q u i l i b r i u m I n a l l c a s e s i n t h i s s t u dy , s a m p l e s w e r e l o a d e d i n t o s a m p le t r a y s i n t h e
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t he k n o w n a c t iv i t y i n t h e r e f e r e n c e
F o r s a m p l in g r u n s o n e t h r o u g h e i g h t , t w o r a d iu m s t a n d a r d s w e r e c o u n t e d w i t h e a c h
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7 2 7 ! 16 I T C O /L X . J / U 7 7










0 4 8 2
,
0 50 7 9 3 9 % 4 5










7 0 8 1, 8 38 8 0 4 3% 12










7 5 3 1
,
76 9 1 8% 13
10 / 16 / 9 5 1 . 9 2 8 1
,
7 8 3 1
,
94 5 1 . 92 1 1
,
7 9 6 1
,
87 4 7 9 4 2% 4 0
1 1/
,
V 9 5 1
,
9 3 5 1 , 8 3 9 1 , 72 2 1 , 7 16 1 , 6 7 3 1, 7 77 10 8 6 1% , 4 8




2 2 8 2
,




3 9 6 1 . 8 94 3 3 5 17 7 % 50
12/ 1 / 9 5 2 1 12 2
,




04 3 1 . 7 8 7 2
,
0 80 184 8 8 % 33
H ig h e s t 1 99 5 A n n u a l A v e r a g e




1 , 4 16
19 9 5 A v ge r a ge 1 , 8 60
2 7








































- A _ A
A A
A - A _
• Y o r k M e a n
A D r a n e M e a n
- 9 5% C I
+ 2 SD (g r a n d )
^ ^ — M e a n (g r a n d )
2 SD (g r a n d )








- t—^—\—+ — f -
3






M o n t h s ( 19 9 4 - 1 9 95 )
T a b l e 7 : W e l l 6 D a t a S u m m a i y
S tu d y
A v e r a ge
S ta n d a r d D e v (a l l s a m p le s )
A v e r a g e S a m p l e R u n %R SD
H ig l i e s t : L o w e s t S a m p le
N o o f S a m p l e s










2 . 0 8
73








A l l V a l u e s
A r e i n
p C i / l .
D a t e
S a m p le 1
(p C i / L )
S a m p le 2
(p C i / L )
S a m p le 3
(p C i / L )
S a m p l e 4
(p C i / L )
S a m p l e 5
(p C i / L )
A v g .
(p C i / L )
SD
(p C i / L )
% R S D S t d E r
r o r
(p C i / L )
Y o r k S tu d v
10 / 6/ 9 4 186 19 2 1 92 185 i b t 18 4 i z
10 /2 0 /9 4 16 0 16 5 16 8 16 6 19 7 17 1 15 ^ 6 %
1 1/ 3/ 9 4 16 0 18 9 19 7 16 5 17 7 17 8 16 7 %
1 1/ 17 / 9 4 16 2 1 8 6 1 76 1 96 18 0 1 4 8 0 %
12/ 1/ 9 4 15 6 13 7 154 14 2 13 4 14 5 10 6 9 %
12/ 15 /9 4 2 0 1 17 5 16 9 16 9 18 3 180 13 7 4%
1/5 / 9 5 17 8 19 5 1 90 1 99 16 4 18 5 14 7 7%
1/ 19/ 9 5 17 5 186 185 2 18 2 19 196 2 0 10 3 %
2 /2 / 9 5 2 1 1 18 5 186 166 20 2 19 0 18 9 3 %
2/ 16/ 9 5 18 0 19 1 183 1 7 1 16 5 17 8 10 5 7%
3 /9 / 9 5 19 0 2 00 173 188 18 8 1 1 5 9%
D r a n e S t u dv
5/ 3 1/ 9 5 19 9 19 1 17 3 197 2 0 0 19 2 1 1 5 8%
6 / 12/ 9 5 17 1 16 7 1 38 2 0 5 15 7 16 8 2 4 14 6 %
6 / 26 / 9 5 166 19 9 17 8 16 7 17 2 176 14 7 7 %
7 /7 / 9 5 2 2 2 18 7 26 7 2 0 8 2 2 1 3 4 15 3 % 17
7 / 18/ 9 5 16 8 14 9 1 53 1 83 17 5 166 14 8 7%
7 / 30 / 9 5 19 8 17 3 17 3 19 1 18 0 18 3 1 1 6 1%
8 / 10 / 9 5 164 158 14 8 17 1 19 3 16 7 17 10 1%
8 / 19/ 9 5 16 8 167 16 2 17 6 19 7 174 14 7 9%
9 /2 / 9 5 17 0 150 18 5 2 22 18 2 3 0 16 6 % 15
9/ 17/ 9 5 17 8 16 6 28 7 182 19 9 2 0 2 4 9 2 4 1% 2 2
10 / 1/ 9 5 184 18 3 16 7 17 4 18 0 17 8 3 8 %
10 / 14 / 95 16 7 18 8 1 58 2 4 9 17 5 18 8 3 6 19 3 % 16
11/ 4/ 9 5 19 8 16 7 182 19 0 19 6 187 13 6 9% ,
1 1/ 18 / 95 2 3 7 18 8 2 23 2 4 3 2 2 2 2 23 2 1 9 6 % 10
12 /2 2 / 95 19 2 19 4 16 5 1 88 19 8 18 7 13 6 9%
H i gh e s t 19 95 A n n u a l A v e r a ge
L o w e s t 19 9 5 A n n u a l A v e r a ge
2 4 0
15 2
19 9 5 A v ge r a g e 18 6
2 9
F i g u r e 6 : W e l l 6 R e s u l t s
o
^ 2 4 0
S 2 2 0
X 2 0 0
"
2 1 6 0
S
12 0
• Y o r k M e a n
A D r a n e M e a n
- 9 5% CI
+ 2 SD (g r a n d )— M e a n (g r a n d )
2 SD (g r a n d )
M o n t h s ( 19 9 4 - 1 9 9 5 )
T a b l e 8 : W e l l 7 D a t a S u m m a r y
S t u dy
S t a n d a r d D e v (a l l s a m p le s )
A v e r a g e Sa m p l e R u n % R SD
H i g Ii e s t : L o w e s t S a m p le
N o o f S a m p l e s










1 . 3 5
7 0
G r a n d
5 15
3 5
4 . 7 %
1 . 3 5
1 15
A r e m
p C i / l .
D a t e
S a m p l e 1
(p C i / L )
S a m p l e 2
( p C i / L )
S a m p l e 3
(p C i / L )
S a m p le 4
(p C i / L )
S a m p le 5
(p C i / L )
A v g .
(p C i / L )
SD
( p C i / L )
% R SD
S t d E r r o r
(p C i / L )
Y o r k S t u d y
10 / 3 1/ 9 4 45 2 4 8 5 4 7 7 5 2 7 5 16 4 9 2 30 6 2 % 14
11/ 14 / 9 4 52 0 53 6 4 7 0 4 7 8 3 U / 50 2 2 8 5 6 % 13
12/ 1/ 94 47 9 4 79 5 2 0 5 0 2 50 5 4 9 7 18 3 6 %
12 / 15 / 9 4 52 2 5 3 1 5 50 5 12 5 55 5 3 4 18 3 4 %,
1/ 5/ 9 5 4 7 6 5 5 9 4 6 2 5 15 4 87 50 0 3 9 7 7% 17
1/ 19 / 95 54 9 5 0 6 4 5 9 5 26 50 2 50 9 3 3 6 6 % 15
2 /2 / 9 5 4 9 6 4 8 2 5 10 50 4 50 8 5 0 0 1 1 2 3 %
2/ 16 / 95 4 9 5 4 4 2 4 5 9 4 6 3 4 9 3 4 7 0 2 3 4 9 % 10
3 / 9/ 9 5 56 2 50 7 5 3 5 5 5 0 5 10 53 3 2 4 4 5 %> 1 1
D r a n e S t u d y
5/ 3 1/ 9 5 54 4 55 2 5 8 1 5 83 5 4 1 5 6 0 2 0 3 6 %
6 / 12 / 9 5 4 8 1 4 8 6 50 5 4 6 4 4 54 4 7 8 2 0 4 1%
6 /2 6 / 95 4 9 8 4 9 5 5 8 2 5 3 3 5 15 5 2 5 ^ 6 6 8%o 16
7 / 7/ 9 5 4 9 8 4 8 6 4 9 1 5 62 4 9 7 5 0 7 3 1 6 29/ 0 14
7/ 18/ 95 4 9 5 5 0 3 5 14 5 27 5 2 1 5 12 13 2 5% .
7/ 3 0/ 95 4 8 3 4 8 7 4 8 7 4 48 4 3 2 4 6 7 2 6 5 5% ) 1 1
8/ 10 / 95 4 7 9 4 9 9 5 62 56 7 5 7 3 5 3 6 4 4 2 0
8/ 19/ 95 55 4 56 1 5 52 5 38 5 35 5 4 8 1 1 Z U / 0
9 /2 / 9 5 53 6 5
m
5 3 3 4 8 7 5 33 5 2 2 2 0
- t r \ n /
j y y o
9 / 17 / 95 55 7 55 2 5 5 2 5 15 52 2 5 3 9 2 0 3 6%
10/ 1/ 9 5 54 6 : >M 5 4 5 5 12 5 78 54 4 2 4 4 3% 1 1
10 / 14 / 9 5 52 2 5 7 3 5 0 5 5 7 3 55 8 5 4 6 3 1 5 7% 14
1 1/ 4 / 95 4 8 0 53 0 4 6 1 5 06 4 9 6 4 9 5 2 6 5 3% , 12
1 1/ 18 / 9 5 54 2 5 3 4 5 2 5 5 6 1 54 1 5 4 0 13 2 4% ,
H i g h e s t 19 9 5 A n n u a l A v e r a g e
L o w e s t 19 9 5 A n n u a l A v e r a g e
5 74
44 7
1 9 95 A v g e r a ge 5 1 7
3 1












i 5 2 0
«i '
S 5 0 0
e
o
"i 4 8 0
o






• Y o r k M e a n
A D r a n e M e a n
- 9 5 % C I
+ 2 SD (g r a n d )
—~ - M e a n (g r a n d )







CO K 3 a .
<
^
H h - - 4 - - l— ! - ^ - + -






M o n t h s ( 19 94 - 1 9 9 5 )
T a b l e 9 : W e l l 8 a D a t a S u m m a r y
St u dy
A v e r a g e
St a n d a r d D e v ( a l l s a m p le s )
A v e r a g e S a m p l e R i m %R SD
H i g l i e s t : L o w e s t S a m p le
N o o f S a m p le s













Z / 7 0
1 . 4 4
73
G r a n d
3 , 28 0
3 5 6
2 . 8 «
1 . 5 3
1 18
A l l V a l u e s
A r e i n
p C i /l .
D a t e
S a m p le 1
(p C i / L )
S a m p l e 2
(p C i / L )
S a m p l e 3
(p C i / L )
S a m p le 4
(p C i / L )
S a m p le 5
(p C i /L )
A v g .
(p C i / L )
SD
(p C i / L )
% R SD
S t d E r r o r
(p C i / L )
Y o r k S t u d y
10 / 3 1/ 9 4 3
,








4 2 8 3
,
3 8 9 16 0 4 7 % 7 1










0 5 2 2
,
9 3 8 7 2 2 4 % 3 2
12/ 1/ 94 2
,










7 14 12 8 4 7% 5 7
12/ 15/ 9 4 2
,




9 3 9 2
,
9 1 1 2
,
88 8 2 . 9 5 4 8 6 2 9 % 3 8
1/ 5/ 9 5 2
,










9 7 0 4 7 1 6 % 2 1
1/ 19 / 9 5 2
,
7 9 2 2
,
8 4 6 2
,




7 7 8 2 . 7 9 3 4 9 1 8 % 2 2
2/ 2/ 9 5 3
,
6 8 7 3
,






6 16 3 . 6 7 8 5 5 1 5 % 2 5
2 / 16 / 9 5 2
,
9 9 1 3
,
2 0 1 3
,






0 5 2 8 5 2 8 % 3 8
3/ 9/ 9 5 2
,
6 7 0 2
,
6 4 2 2 , 5 28 2 , 60 8 2 , 6 9 2 2 , 6 2 8 6 4 2 4 % 2 9
D r a n e S t u d y
6 / 1/ 9 5 3
,
3 3 1 3 . 3 5 8 3 4 15 3
,
55 7 3 . 5 3 0 3
,
4 3 8 10 1 2 9 % 4 5
6 / 12 / 9 5 3
,








4 8 1 3
,
2 4 2 15 3 4 7 % 6 9
6/ 2 6 / 95 3
,
6 0 8 3
,
6 0 2 3 <i S 3 3
,
6 4 5 3
,
6 3 4 3
,
6 0 8 36 1 0 % 16
7 / 7/ 9 5 3
,
7 0 2 3
,




8 8 0 3
,
8 0 1 3 3 0 1 6 4 1 7 % 2 9
7/ 18 / 95 3
,
5 9 4 3
,




6 2 8 3
,
6 4 7 3
,
5 9 2 47 1 3 % 2 1
7/ 3 1/ 9 5 3
,
2 7 7 3
,
3 4 3 3
,






3 17 36 1 1% 16
8 / 9/ 9 5 3
,
2 9 9 3
,
3 2 3 3
,




4 6 5 3
,
3 4 3 9 1 o 7 0
/
4 1
8/ 20 / 9 5 2
,
8 9 0 2
,
6 9 6 2 , 84 6 2 , 74 9 2 , 8 9 6 , 8 15 8 9 3 2 % 40












160 70 3 1










6 4 5 3
,
5 29 10 0 4 5
10 / 1/ 9 5 3
,




6 0 2 3
,
6 4 6 3
,
5 3 8 3
,
5 97 4 2 1 2% 19








5 7 5 3
,
6 7 7 3
,
6 2 7 38 1 1% 17
1 1/ 2/ 9 5 3
,




6 18 83 2 3% 4 8
1 1 / 17 / 9 5 3 7 6 8 3 , 5 20 3
,
7 3 9 3
,
2 4 6 3
,
0 7 8 3
,
4 70 3 0 3 8 7% 13 5
12 / 14 / 9 5 3
,
5 9 3 3 , 3 26 3 , 6 3 7 3 , 6 9 9 3
,
7 0 8 3
,
5 9 3 156 4 3% 70
H i g h e s t 19 9 5 A m i u a l A v e r a g e
L o w e s t 1 99 5 A n n u a l A v e r a g e
3 , 7 64
2 , 8 4 2
1 9 95 A v g e r a ge 3 , 3 3 8
3 3


























































4 — 1- + 4 — + - - - (- - I—\—t -
• Y o r k M e a n
A D r a n e M e a n
- 9 5% C I
+ 2 SD (g r a n d )
~ ~ " ~ M e a n (g r a n d )




3 5 3̂ o
>
o
M o n t h s ( 19 9 4 - 1 9 9 5 )
T a b l e 1 0 : W e l l 8 b D a t a S u m m a r y
St u dy
A v e r a g e
St a n d a r d D e v (a l l s a m p le s )
A v e r a g e Sa m p l e R u n %R SD
H ig h e s t : L o w e s t S a m p le
N o o f Sa m p le s
D r a n e
1 , 08 1
14 9
3 . 5 %
1 . 5 9
2 9
A l l V a l u e s
A r e i n
pC i / L
D a t e
S a m p le 1
(p C i / L )
S a m p l e 2
(p C i / L )
S a m p l e 3
(p C i / L )
S a m p le 4
(p C i / L )
S a m p l e 5
(p C i /L )
A v g .
(p C i j TL )
SD
(p C i / L )
% R SD S
t d E r r o r
(p C i / L )
D r a n e S t u d y
8 / 9/ 9 5
9/ 15 / 95
10 / 14 / 9 5
1 1/ 2 / 9 5
1 1/ 17 / 9 5


































































































t ^ 12 0 0
U
a











A M e a n
- 9 5% C I
■ ■ ■ + 2 SD (g r a n d )
M e a n (g r a n d )
- - ■
















M o n t h s (1 9 9 5 )
T a b l e 1 1 : W e l l 9 D a t a S u m m a r y
S t u d y
A v e r a ge
S ta n da r d D e v ( a l l s a m p l e s )
A v e r a ge S a m p le R u n % R SD
H i g he s t :L o w e s t S a m pl e
N o o f S a m p l e s








D r a n e
2 , 3 2 6
2 5 1
2 8 %
1 . 6 2
4 9
G r a n d
2 , 2 4 2
2 4 8
2 . 9 %
1 . 6 2
84
A l l V a l u e s
A r e i n
pC i / L
D a t e
S a m p l e 1
(p C i / L )
S a m p le 2
(p C i / L )
S a m p le 3
(p C i / L )
S a m p le 4
(p C i / L )
S a m p l e 5
(p C i / L )
A v g .
( p C i / L )
SD
(p C i / L )
% R SD
S t d E r r o r
( p C i / L )
Y o r k S tu d y








0 9 5 2 , 2 16 2 . 17 1 5 5 2 6% 2 5




4 0 5 2 , 2 2 1 2 , 17 4 2 , 3 7 5 2 , 2 52 13 5 6 0 % 60
12 / 1/ 9 4 N o Sa m p l e
12 / 15 / 94 N o Sa m p l e




4 5 0 2 , 3 9 9 2 , 4 0 6 2 , 3 2 7 2 , 40 3 4 7 2 0% 2 1
1/ 19/ 9 5 1
,








9 5 8 2
,
0 23 9 2 4 5% 4 1






2 8 1 2
,




2 2 9 5 8 2 6% 26
2/ 16/ 9 5 1 , 9 2 8 1 , 90 6 1 , 9 0 8 1 , 9 3 8 1 , 9 14 1 , 9 19 14 0 7%
3 /9 / 9 5 1
,










8 83 5 5 2 9 % 24
N e w W e U D r i l l e d
D r a n e S t u dy
5/ 3 1/ 9 5 N o S a m p le
6 / 12/ 9 5 N o Sa m p l e
6 / 2 6/ 95 N o Sa m p le
7 /7 / 9 5
7/ 18/ 9 5
7/ 3 1/ 9 5
8 /9 / 9 5
8/ 2 0/ 9 5
9 / 1/ 9 5
9/ 15/ 9 5
10 / 1/ 9 5
10 / 14 / 9 5
11/ 2/ 9 5
1 1/ 17 / 95






























































































2 , 7 7 1














N o S a m p le
N o S a m p le
2 , 12 1
2 , 4 74

























2 , 4 65

























































































• Y o r k M e a n
A D r a n e M e a n
- 9 5% C I I
+ 2 SD (g r a n d)
~ ~ ~ " M e a n (g r a n d ) :























M o n t h s ( 1 9 9 4 - 1 9 9 5 )
T a b l e 1 2 : W e l l 1 0 D a t a S u m m a r y
S t u dy
A v e r a ge
S ta n d a r d D e v ( a l l s a m p l e s )
A v e r a g e S a m p le R u n % R SD
H i gh e s t :L o w e s t S a m p l e
N o o f S a m p l e s





















2 . 4 %
1 . 2 9
1 19
A l l V a l u e s
A r e i n
p C i / L
D a t e
S a m p l e 1
(p C i / L )
S a m p le 2
(p C i / L )
S a m p le 3
(p C i / L )
S a m p l e 4
(p C i / L )
S a m p l e 5
( p C i / L )
A v g .
(p C i / L )
SD
(p C i /L )
% R SD S t d E
r r o r
(p C i / L )
Y o r k S tu d y
10 / 3 1/ 94 2
,




6 7 6 2
,
7 5 4 2
,
6 3 0 2
,
7 24 7 0 2 6 % 3 1
1 1/ 14 / 94 2 , 25 0 2 , 32 4 2 , 36 1 2 , 4 0 9 2 , 4 3 0 2 , 3 5 5 7 2 3 0 % 3 2








7 3 0 2
,
7 5 9 2
,
6 99 9 0 3 3 % 4 0




4 33 2 , 55 7 2 . 6 2 6 2 , 5 9 6 2 , 5 26 9 5 3 7 % 4 2








6 0 2 2
,
5 5 9 2
,
4 59 1 18 4 8 % 53












4 72 7 5 3 0 % 34
2 / 2/ 9 5 2
,
76 3 2 , 74 8 2 , 7 0 8 2 , 6 9 5 2 , 6 6 4 2 , 7 16 4 0 1 5% , 18






6 0 7 2
,
4 9 7 2
,
5 9 2 2
.
5 76 4 5 1 7 % 20
3 / 9/ 9 5 2
,
4 9 8 2 . 6 36 2
,




6 7 9 2
,
6 46 9 8 3 7 % 4 4
D r a n e S t u d y








6 9 7 2
,
8 0 1 2
,
80 1 6 2 2 2% 28
6/ 12 /9 5 2
,








5 7 7 2
,
6 55 9 8 3 7 % 4 4
6 /2 6 /9 5 2
,
6 9 7 2
,




8 3 1 2
,
6 8 0 2
,
7 13 6 6 2 4 % 30








7 0 8 2
,
7 0 8 2
,
7 3 1 5 0 1 8% 2 3
7/ 17 /9 5 2
,






84 9 2 , 6 5 2 2 , 76 0 8 0 2 9% 36
7/ 3 0 /9 5 2
,




6 0 4 2
,
7 5 7 2 , 7 13 2 . 6 95 5 6 2 1% 2 5






83 4 2 , 7 5 2 2 , 7 99 4 2 1 5 % 2 1








6 9 4 2
,
7 4 3 2
,
6 85 4 7 1 7% 2 1
9 / 1/ 9 5 2
,








7 8 7 2
,
7 72 5 8 2 1% 2 6




6 50 2 , 6 2 4 2 , 6 14 2 , 7 0 8 2 , 66 5 5 0 1 9% 5 0
10/ 1/9 5 2
,
6 0 2 2
,






6 8 4 2
,
6 86 5 7 2 1% 5 7








6 4 1 2 , 6 9 9 2 , 6 18 6 3 2 4% , 6 3
1 1/ 2 /9 5 2
,
7 0 9 2
,
74 2 2 , 6 6 2 2 , 7 3 2 2 , 7 1 1 2 , 7 11 3 1 1 1% 3 1








8 3 9 2 , 8 96 2 3 6 0 2 5 0 9% 2 5
12/ 14 / 95 2
,
8 1 1 2
,
80 0 2 , 7 7 2 2 , 7 % 2 , 76 1 2 , 7 8 8 2 1 0 8% 2 1
H i gh e s t 19 9 5 A n n u a l A v e r a g e







19 9 5 A v g e r a g e 2 , 6 8 9
3 9

































• Y o r k M e a n
A D r a n e M e a n
- 9 5 % C I
+ 2 SD ( g r a n d )
^ — " • M e a n (g r a n d )


















M o n t h s (1 99 4 - 1 9 9 5 )
T a b l e 1 3 : W e l l 1 1 a D a t a S u m m a r y
S tu dy
A v e r a g e
S ta n d a r d D e v (a l l s a m p le s )
A v e r a g e S a m p l e R u n % R SD
H ig h e s t : L o w e s t S a m p le
N o o f Sa m p le s
D r a n e
3 5 4
3 2
6 . 4 %
1 . 5 0
7 0
A l l V a l u e s
A r e i n
p C i /I .
D a t e
S a m p le 1
(p C i / L )
S a m p l e 2
(p C i / L )
S a m p l e 3
(p C i / L )
Sa m p l e 4
(p C i / L )
S a m p l e 5
(p C i / L )
A v g .
(p C i / L )
SD
(p C i / L )
% R SD S t d E
r r o r
(p C i / L )
6 / 12 / 9 5
6 /2 6 /9 5
7 / 7/ 9 5
7 / 18 / 9 5
7 / 30 / 9 5
8 / 10 / 9 5
8 / 19 / 9 5
9/ 2/ 9 5
9 / 17/ 9 5
10/ 1/ 9 5
10 / 14 / 9 5
1 1/ 4 / 9 5
1 1/ 18/ 9 5
























































































































F i g u r e 12 : W e l l 1 1a R e s u l t s
4 ^
2 3 6 0
I S 34 0
A M e a n




• + 2 SD (g r a n d )
M e a n (g r a n d )
- 2 SD (g r a n d )
M o n t h s ( 19 9 5 )
T a b l e 14 : W e l l l i b D a t a S u m m a r y
S t u d y
A v e r a g e
S ta n d a r d D e v (a l l s a m p l e s )
A v e r a ge S a m p le R u n % R SD
H i gh e s t :L o w e s t S a m p l e
N o o f S a m p l e s
D r a n e
13 6
1 3
9 . 4 %
1 . 50
2 0
A l l V a l u e s
A r e i n
p C i / L
D a t e
S a m p l e 1
(p C i / L )
S a m p l e 2
(p C i / L )
S a m p le 3
(p C I/ L )
S a m p l e 4
(p C i / L )
S a m p le 5
(p C i / L )
A v g .
(p C i / L )
SD
(p C i / L )
% R SD
S t d E r r o r
(p C i / L )
D r a n e S t u d y
10 / 1/ 9 5
10 / 14 /9 5
1 1/4 / 9 5























































▲ M e a n
- 9 5 % C I
■ ■ - + 2 SD (g r a n d )
' ■ M e a n (g r a n d )
■ - - - 2 SD (g r a n d)
0 )
c









M o n t h s ( 1 9 9 5 )
T a b l e 1 6 : W e l l 1 2 D a t a S u m m a r y
S t u d v
A v e r a ge
St a n d a r d D e v (a l l s a m p le s )
A v e r a g e S a m pl e R u n % R SD
H ig h e s t : L o w e s t Sa m p l e
N o o f S a m p l e s
D r a n e
1 , 0 6 6
9 8
3 . 6 %
1 . 4 6
6 9
A l l V a l u e s
A r e m
p C i / L
D a t e
S a m p l e 1
(p C i/ L )
S a m p le 2
(p C i / L )
S a m p le 3
(p C IA . )
S a m p l e 4
(p C i / L )
S a m p l e 5
(p C i / L )
A v g .
(p C i / L )
SD
(p C i / L )
% R SD
S t d E r r o r
(p C I/ L )
6 / 14/ 9 5
6 / 2 6/ 9 5
7 /6 / 9 5
7/ 17/ 9 5
7 / 3 0/ 9 5
8 /9 / 9 5
8/ 2 0/ 9 5
9/ 1/ 95
9/ 15/ 9 5
10 / 1/ 9 5
10/ 14 /9 5
1 1/ 2/ 9 5
1 1/ 17 /9 5






















































































1 , 0 7 0



















































































































































F i g u r e 14 : W e l l 12 R e s u l t s
u
Q .
1 4 0 0





















3 3 3 3 3
0 1) a .
C/ 2 o O ^
M o n t h s ( 19 9 5 )
A M e a n
- 9 5 % C I
- - - + 2 SD (g r a n d )
—— M e a n (g r a n d )






T a b l e 1 7 : W e l l 1 3 D a t a S u m m a r y
St u dy
A v e r a g e
S t a n d a r d D e v ( a l l s a m p l e s )
A v e r a g e S a m p le R u n % R SD
H i gh e s t : L o w e s t S a m p le
N o o f S a m p le s
D r a n e
4 0 6
2 4
4 . 3 %
1 . 3 2
5 0
A l l V a l u e s
A r e i n
p C i / L
D a t e
S a m p l e 1
(p C i / L )
S a m p l e 2
(p C i / L )
S a m p le 3
(p C i / L )
S a m p le 4
(p C i / L )
S a m p le 5
(p C i / L )
A v g .
(p C i / L )
SD
(p C i / L )
% R SD
S t d E r r o r
(p C i / L )
8 / 7/ 9 5
8 / 12 / 95
8 / 19 / 95
9 / 2/ 9 5
9 / 17 / 95
10/ 1/ 95
10 / 14 / 9 5
1 1/ 4 /9 4
1 1/ 18 / 9 5
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—— M e a n (g r a n d )
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M o n t h s ( 19 9 5 )
T a b l e 1 7 : A d d i t i o n a l W e l l s T e s t e d
S a m p l e 1
(p C i / L )
S a m p l e 2
(p C i / L )
S a m p l e 3
( p C i / L )
S a m p l e 4
( p C i / L )
S a m p le 5
(p C i/ L )
A v g .
S t d .
D e v .
% R SD
S ta n d a r d
E r r o r
C h a th a m SD
8/ 7 / 95
3
,
2 7 7 3
,








19 9 6 7 2 1% 3 0
C h a th a m SD











4 6 9 1 , 4 6 6 7 7 5 2% 3 4
C h a t h a m SD
8 / 20 / 9 5
2 , 9 34 2 , 8 54 2 , 8 3 5 2 , 8 6 7 2 , 9 8 4 2 , 8 9 5 6 2 2 2% 2 8
O r a n g e C a m p
8 / 2 1/ 9 5
3
,
137 3 , 1 3 7
D u r ha m SD






20 4 1 . 17 3
,
2 5 4 1
,
2 0 7 4 7 3 9%
D u r ha m SD









9 7 9 4 , 0 3 0 3 , 8 8 9 12 5 3 2% 5 6
SD - R e s i d e n t i a l Su h d i xi s i o n
4 9
D i s c u s s i o n o f R e s u l t s
T he g o a l o f t hi s r e s e a r c h w a s t o e v a lu a t e ho w s a t i s fa c t o r i ly a s i n g l e g r a b s a m p l e c a n
c h a r a c t e r i z e t h e a n n u a l a v e r a g e
^ ^ ^
R n a c t iv i t y fo r a p a r t i c u l a r w e l l N o s p e c if i c a t t e mp t w a s
m a d e t o i d e n t i fy o r e x p l a i n t r e n d s i n t h e d a t a , e x c e p t a s i t r e l a t e s t o t h i s g o a l A l l w e l l s w e r e
s a m p l e d f o r g r e a t e r t h a n o n e y e a r , w it h t h e e x c e p t i o n o f W e l l s 8b , 1 1 a , 1 1b , 1 2 , a n d 13 F o r
a l l o f t h e 1
,
4 6 8 s a m p le s t a k e n d u r i n g t h e t h r e e s t u d ie s ,
^ ^ ^
R n a c t iv it i e s r a n g e d fr o m a h ig h o f
4 9
,
5 0 2 p C i /L a t W e l l 1 t o a l o w o f 10 5 p C i /L a t W e l l l i b
W e l l s 1 a n d 2
T h e s e t w o w e l l s b o t h s e r v e a s m a l l t o w n i n F r a n k li n C o u n t y , N C T h e y a r e l o c a t e d
a p p r o x im a t e l y 0 5 m i l e a p a r t a n d s u p p l y t h e s a m e w a t e r t o w e r T h e s e w e l l s h a v e t h e h i g h e s t
^ ^ ^
R n a c t i v i t y o f a l l w e l l s s a m p l e d i n t h i s st u d y
W e i l l
I n c lu d i n g t he t w o p r ev i o u s s t u di e s . W e l l 1 w a s s a m p l e d o n 3 6 d i f fe r e n t d a y s b e t w e e n
O c t o b e r , 1 9 9 3 a n d D e c e m b e r , 1 9 9 5 , f o r a t o t a l o f 1 80 s a m p l e s F o r t hi s p e r i o d , t h e m e a n
^ ^ ^
R n a c t i v it y w a s 3 6 , 4 2 1 ± 13 6 % ( 1 SD ) I n d i v i du a l s a m p l e a c t iv i t i e s r a n g e d f r o m a h i g h o f
4 9
,
5 0 2 p C i/ L t o a l o w o f 2 4 , 8 1 0 p C i /L d u r i n g t h e p e r i o d
I n t h e H ig h t o w e r s t u d y , s o m e u n d e r s t a n d a b l e d o u b t w a s e x p r e s s e d a b o u t w h e t h e r o r
n o t t h e d a t a a c c u r a t e l y r e p r e s e n t e d t h e i n g r o u n d
^ ^ ^
R n a c t iv i t y , s i n c e s o m e s a m p l e s i n t hi s
s t u d y w e r e c o l l e c t e d w it ho u t e n g a g in g t h e p u m p H o w e v e r , w h e n c o m p a r e d t o t he d a t a
fr o m t h e t w o f o ll o w - u p s t u di e s , t h e d a t a fr o m t h e H i g h t o w e r s t u dy i s a lm o s t a l w a y s g r e a t e r
t h a n t he g r a n d a v e r a g e f o r a l l t hr e e st u d i e s A s s u m in g c o n s i s t e n t g e o l o g y , w a t e r u s e , a n d
a n a ly t i c a l t e c h n i qu e s , it w o u l d a p p e a r t ha t t h e r e p o r t e d
^ ^ ^
R n a c t i v it i e s fr o m t he H ig h t o w e r
st u dy w e r e r e p r e s e n t a t i v e o f t h e
^ ^^
R n i n t h e a q u i f e r
T he W e l l 1 r e s u lt s g r a p h s h o w s a w i d e r 9 5% c o n fi d e n c e i n t e r v a l f o r t h e H i g h t o w e r
s a m p l e s t h a n f o r t he s a m p l e s f r o m t h e o t h e r t w o s t u d i e s U n d o u b t e d l y , s o m e o f t h i s v a r i a n c e
5 0
i s a t t ri b u t a b l e t o h i s r e p o rt e d p r a c t i c e o f s a m p l in g t h e st a g n a n t w a t e r i n t h e p i p e s i f t h e w e l l i s
n o t r u n n i n g H o w e v e r , a n o t h e r f a c t o r m a y w e l l b e t he s a m p l i n g t im e o v e r w h i c h t h e f i v e
s a m p l e s w e r e d r a w n I n t h e H i g ht o w e r s t u dy , t h e fi v e s a m p l e s w e r e t a k e n i n a p p r o x im a t e l y
12 t o 1 5 m i n u t e s
,
c o m p a r e d t o 2 m i n u t e s f o r t h e n e x t t w o s t u di e s
F o r b o t h t he Y o r k s t u dy a n d t h e c u r r e n t s t u dy , t h e fi v e s a m p l e s o n l y v a ri e d b y a fe w
p e r c e n t , a v a ri a n c e t ha t c o u l d b e a s s o c i a t e d w it h c o u n t i n g s t a t i s t i c s a l o n e H o w e v e r , b e c a u s e
a l l fi v e s a m p l e s i n b o t h s t u d i e s w e r e t a k e n w i t hi n s u c h a s h o rt p e ri o d o f t im e , t h e y m o s t l i k e l y
r e p r e s e n t a s n a p s h o t o f t h e
^ ^ ^ R n a c t i v it y a t t h a t m o m e n t , n o t n e c e s s a r i ly t h e a v e r a g e
^ ^ ^
R n
fo r t h e d a y o r e v e n t h e p u m p i n g c y c l e F u t u r e s t u d ie s s h o u l d a d d r e s s t h i s p o s s i b i li t y
T h e 19 9 5 a n n u a l a v e r a g e a c t iv i t y f o r t h i s w e l l w a s 3 5 , 7 7 8 p C i/ L , u s i n g a l l 1 9 9 5
s a m p l e s I f t h e 1 9 9 5 a n n u a l a v e r a g e a c t i v i t y i s c a l c u l a t e d u s i n g t h e hi g h e s t a n d l o w e s t a c t i v i t y
s a m p le s fi
"
o m e a c h o f t h e f o u r qu a rt e r s , t h e a n n u a l a v e r a g e a c t i v i t y f o r t h i s w e l l w o u l d h a v e
b e e n 4 2 , 2 8 7 p C i/ L a n d 2 7 , 9 6 0 p C i/ L r e s p e c t i v e l y
W e i l l
I n c l u d i n g t h e t w o p r e v i o u s s t u d i e s . W e l l 2 w a s s a m p l e d o n 3 6 d i ff e r e n t d a y s b e t w e e n
O c t o b e r , 1 9 9 3 a n d D e c e mb e r , 1 9 9 5 , f o r a t o t a l o f 1 8 0 s a m p l e s F o r t h i s p e ri o d , t h e m e a n
^ ^ ^
R n a c t iv i t y w a s 2 4 , 9 6 2 p C i/ L ± 2 1 6% ( 1 SD ) I n d i v i du a l s a m p l e a c t iv i t i e s r a n g e d fi
-
o m a
h ig h o f 3 7 , 8 7 5 p C i / L t o a l o w o f 1 2 , 0 6 3 p C i /L d u ri n g t h e p e ri o d
I n Y o r k ' s s t u d y , i t w a s o b s e r v e d t h a t
^^ ^
R n a c t i v it y o fl ;e n d e c r e a s e d fi
-
o m t h e fi r s t
s a m p l e i n a s a m p l e s e t t o t h e l a s t D u r i n g f o u r s a m p l i n g r u n s ,
^ ^ ^
R n a c t iv i t y d e c r e a s e d b y
a p p r o x im a t e l y 2 0 p e r c e n t i n j u s t t h e 2 m i n u t e s i t t o o k t o t a k e a l l fi v e s a m p l e s I t w a s
p o s t u l a t e d t h a t w a t e r w a s c o m i n g fi
-
o m a r e a s o f l o w e r
^ ^ ^
R n a c t i v i t y a s t h e p u m p i n g c y c l e
p r o g r e s s e d
T h i s s a m e t r e n d w a s n o t e d i n s e v e n o f t h e f o u rt e e n s a m p l e s e t s t a k e n i n t h i s s t u d y A l l
s e v e n o f t h e s e s am p l e s e t s w e r e t a k e n b y m a n u a l l y s t a rt i n g t he p u mp F o r t h e s e v e n s a m p l e s
w h e r e t h e t r e n d i s n o t o b s e r v e d
,
t h e p u mp w a s a l r e a dy r u n n i n g p ri o r t o a r ri v a l o n s i t e
T h e r e f o r e
,
i t w o u l d a p p e a r t h a t t h e h i g h
^ ^ ^
R n a c t i v i t y i s a s s o c i a t e d w i t h g e o l o g y c l o s e t o t h e
5 1
p u m p , a n d t h a t a s p u m p i n g c o n t i n u e s , w a t e r fr o m l o w e r
^ ^ ^
R n z o n e s a r e e n t e ri n g t h e
p u m p i n g z o n e
Y o r k a l s o n o t e d t h a t o n l y o n e s a m p l e s e t f o r t h i s w e l l w a s t a k e n w h e n t h e p u m p w a s
a l r e a d y o p e r a t in g , a n d i t h a d t he l o w e s t m e a n
^ ^ ^
R n a c t i v it y o f a l l s a m p l e s f o r t h i s w e l l T h i s
t r e n d w a s a l s o n o t e d i n t h e c u r r e n t s t u d y A l l s e v e n s a m p le s e t s t a k e n w he n t h e p u m p w a s
a l r e a dy r u n n i n g h a v e m e a n
^ ^ ^
R n a c t i v i t i e s l e s s t h a n t h e g r a n d a v e r a g e f o r a l l t h r e e s t u d i e s
T h e Y o r k st u d y s h o w e d a c o n t i n u o u s l y i n c r e a s i n g
^ ^ ^
R n a c t i v i t y o v e r t h e c o u r s e o f
t h e s t u d y T h e c u r r e n t r e s e a r c h d i d n o t s e e a c o n t i n u a t i o n o f t h i s t r e n d I t i s p o s s i b l e t h a t
p a r t o f t h e t r e n d o b s e r v e d i n t h e Y o r k s t u d y i s a n a r t i f a c t o f t he i n h o m o g e n e i t y o f t h e
u n d e r l y in g a qu i f e r , s i n c e i n a s i n g l e s a mp l i n g r u n (Y o r k Sa m p l e R u n # 7 )
^ ^ ^
R n a c t i v it y v a ri e d
fr o m a p p r o x im a t e l y 3 1 , 0 0 0 t o 2 4 , 0 0 0 p C i/ L fr o m t h e fi r s t s a m p l e t o t he l a s t I n t h e p r e v i o u s
s t u d y , i t w a s p o s t u l a t e d t h a t t h i s w e l l w a s n o t b e i n g p u r g e d l o n g e n o u g h T h i s c o n c lu s i o n
w o u l d b e s u p p o r t e d by i n c r e a s i n g a c t i v it y d u ri n g s a m p li n g , b u t n o t d e c r e a s i n g a c t i v i t y T hu s ,
t h e a d d i t io n a l d a t a fr o m t h e c u r r e n t s t u dy d o e s n o t s u p p o r t t hi s c o n c l u s i o n
A s d i s c u s s e d i n A p p e n d i x D , t hi s v a ri a t i o n o f
^ ^ ^
R n a c t i v i t y d u ri n g t h e p u m p i n g c y c le
c o u l d a f fe c t t h e a b i l it y t o c h a r a c t e r i z e t h e
^ ^ ^
R n f o r a p a r t i c u l a r w e l l o n a p a r t i c u l a r d a y w it h
j u s t o n e s a m p l e T h i s o f c o u r s e c o u ld a f e c t t he r e s u lt s o f s t u d i e s w hi c h m a y a t t e m p t t o
c o r r e l a t e
^ ^ ^
R n v a ri a t i o n s w it h f a c t o r s s u c h a s s e a s o n , r a i n f a l l , t e m p e r a t u r e , e t c T h e s e
s t u d i e s s h o u l d p r o b a b ly t a k e s a m p l e s o v e r t h e c o u r s e o f a c o m p l e t e p u mp i n g c y c l e
T h e 19 9 5 a n n u a l a v e r a g e a c t i v it y fo r t h i s w e l l w a s 2 6 , 2 5 7 p C i/ L , u s i n g a l l 1 9 9 5
sa m p l e s I f t h e 19 9 5 a n n u a l a v e r a g e a c t iv i t y i s c a l c u l a t e d u s i n g t he hi g h e s t a n d l o w e s t a c t iv i t y
s a m p l e s f r o m e a c h o f t h e f o u r q u a r t e r s , t h e a n n u a l a v e r a g e a c t i v i t y fo r t h i s w e l l w o u l d h a v e
b e e n 3 4
,
9 5 7 p C i/ L a n d 2 0 , 2 7 9 p C i/ L r e s p e c t i v e l y
W e l l 3
T hi s w e ll s u p p l i e s a t r a i l e r p a r k in W a k e C o u n t y , N C I n c l u d i n g t h e t w o p r e v i o u s
s t u d i e s
.
W e ll 3 w a s s a m p l e d o n 3 9 d i f e r e n t d a y s b e t w e e n O c t o b e r , 19 9 3 a n d D e c e m b e r ,
1 9 9 5
,
f o r a t o t a l o f 1 9 5 s a m p l e s F o r t h i s p e ri o d , t h e m e a n
^^ ^
R n a c t iv it y w a s 13 , 2 9 0 ±




8 4 1 p C i/ L du ri n g t h e p e ri o d
T h i s w a t e r s u p p l y h a s a s m a l l h o l d i n g t a n k , c o n s i d e ri n g t h e c o m m u n i t y d e m a n d o n
t h i s w e ll A s s u c h
,
t h e p u m p c y c l e s o n f r e qu e n t l y t o m a i n t a i n t a n k f i l l e d , w i t h t h e pu m p in g
c y c l e l a s t in g o n l y a b o u t f i f t e e n m i n u t e s
T h i s w e ll c o n s i s t e n t ly h a d t h e l o w e s t v a ri a n c e a m o n g t h e f i v e s a m p l e s o f a g i v e n
s a m p l in g n i n , w it h t h e p e r c e n t r e l a t iv e s t a n d a r d d e v i a t i o n f o r t h e fi v e s a m pl e s c o n s i s t e n t l y
l e s s t h a n 1 5 p e r c e n t A v a ri a n c e t h i s l o w m a y b e e n t i r e l y a t t ri b u t a b l e t o t h e s a m p l i n g
p r o c e d u r e a n d c o u n t i n g s t a t i s t i c s , r a t h e r t h a n a c t u a l v a r i a n c e i n t he
^^ ^
R n a c t i v i t y
Y o r k c o mm e n t e d t h a t t h i s l o w v a ri a n c e i s p r o b a b l y du e t o t he fi
-
e qu e n t o p e r a t i o n o f
t h e w e l l I t w a s f u r t h e r p o s t u l a t e d i n t he Y o r k s t u d y t h a t t he m e a s u r e d
^ ^ ^
R n a c t i v it i e s a t t hi s
w e l l w e r e p r o b a b l y i n di c a t i v e o f t h e
^ ^ ^
R n in t h e a qu if e r
A s r e p o r t e d i n A p p e n d i x D , a n e x p e ri m e n t w a s r u n o n t hi s w e l l i n w h i c h s a m p l e s
w e r e t a k e n o v e r t h e e n t i r e p u m p i n g c y c l e T h i s e x p e ri m e n t s h o w e d a v a ri a t i o n i n
^ ^ ^
R n o v e r
t h e p u m p i n g c y c l e i n e x c e s s o f o n e s t a n d a r d d e v i a t i o n f o r a l l s a mp l e s t a k e n a t t h i s w e l l o v e r
t h e c o u r s e o f t h e c u r r e n t s t u d y T h i s w o u l d t e n d t o s u g g e s t t ha t m o s t o f t h e v a ri a n c e i n
^ ^ ^
R n
a c t iv i t y o b s e r v e d a t W e l l 3 m a y b e d u e t o i n h o m o g e n e i t y i n t h e u n d e r l y i n g a q u i f e r , r a t h e r
t h a n s e a s o n a l v a ri a t io n s
So e v e n t h o u g h t h e r e i s a v e r y l o w v a ri a n c e i n f i v e s am p l e s t a k e n i n l e s s t h a n t w o
m i n u t e s
,
t h e v a ri a n c e o v e r o n e c o m p l e t e p u m p i n g c y c l e i s a p p r o x im a t e l y fi v e t im e s h i g h e r
T h e r e f o r e , t h e v a ri a n c e a m o n g s a m p l i n g r u n s f o r W e l l 3 m a y b e l a r g e l y d u e t o s a m pl i n g a t
r a n d o m p a r t s o f t h e p u m p i n g c y c l e F o r e x a m p l e , o n o n e s a m p hn g r u n , t h e p u m p m i g h t b e
m a n u a l l y a c t u a t e d s o o n a ft e r t h e c o m p l e t i o n o f a p u m p i n g c y c l e , w h e r e a s o n a n o t h e r
s a m p l i n g r u n t h e p u m p m i g h t b e a c t u a t e d m u c h l a t e r F o r in v e s t i g a t i o n s o f t e m p o r a l
^ ^ ^
R n
v a r i a t io n
,
i t i s r e c o m m e n d e d t h a t s a m pl i n g b e p e r f o r m e d a t i d e n t i c a l m o m e n t s i n t h e p u m p in g
c y c l e
T h e 19 9 5 a n n u a l a v e r a g e a c t i v it y f o r t h i s w e ll w a s 1 3 , 5 9 2 p C i/ L , u s i n g a ll 1 9 9 5
s a m p l e s I f t h e 1 9 9 5 a n n u a l a v e r a g e a c t i v i t y i s c a l c u l a t e d u s i n g t h e hi g h e s t a n d l o w e s t a c t i v i t y
s a m p l e s f r o m e a c h o f t h e f o u r q u a r t e r s , t h e a n n u a l a v e r a g e a c t i v it y fo r t h i s w e l l w o u l d h a v e
b e e n 1 5
,
1 0 1 p C i/L a n d 12 , 1 8 4 p C i/ L r e s p e c t iv e ly
5 3
We l l s
T h i s w e l l s e r v e s a r e c r e a t i o n a r e a i n O r a n g e C o u n t y , N C I n c l u d i n g t h e Y o r k s t u d y .
W e l l 5 w a s s a m p l e d o n 2 3 d if fe r e n t d a y s b e t w e e n N o v e m b e r , 19 9 4 a n d D e c e m b e r , 1 9 9 5 , f o r
a t o t a l o f 1 13 s a m p le s F o r t h i s p e r i o d , t h e m e a n
^ ^ ^
R n a c t i v i t y w a s 1, 8 6 8 ± 12 4 % ( 1 SD )
I n d iv i d u a l s a m p l e a c t iv i t i e s r a n g e d fr o m a h i g h o f 2 , 3 3 4 p C iA . t o a l o w o f 1 , 1 6 5 p C i /L d u r i n g
t h e p e r i o d
T h e w e l l i s n o t a u t o m a t i c a l ly o p e r a t e d Wh e n t h e r e c r e a t i o n a r e a i s b e in g u s e d , t h e
p u m p w o u l d t y p i c a l ly b e s t a r t e d a t a p p r o x im a t e l y n o o n b y c l o s i n g t h e p u m p b r e a k e r W h e n
t h e p u m p w a s n o t a l r e a dy r u n n i n g , s a m p l i n g w a s p e r f o r m e d b y c l o s in g t h e b r e a k e r a n d
p u r g i n g f o r fi v e m i n u t e s
T hi s i s t h e o n l y w e l l f o r w h i c h s a m p l e s c o u l d n o t b e t a k e n d ir e c t ly f r o m t h e w e l l h e a d
s p ig o t I n s t e a d , s a m p l e s w e r e t a k e n a t t h e e n d o f a h o s e a t t a c h e d t o t h e sp i g o t T h i s h o s e m a y
i n c r e a s e g a s s t r i pp i n g a s t h e w a t e r fl o w s o v e r n u c le a t i o n s i t e s ; t h e r e fo r e , t h e s a m p le s i n t hi s
s t u d y a n d t he Y o r k s t u d y m a y u n d e r e s t im a t e t h e a c t u a l
^ ^ ^
R n a c t iv i t y H o w e v e r , s i n c e
i d e n t i c a l p r o c e d u r e s w e r e u s e d i n e a c h s t u d y , t h e pr e s e n c e o f t h e ho s e s h o u l d n o t a f fe c t t h e
a b i l i t y t o e v a l u a t e v a ri a t i o n s in
^ ^ ^
R n a c t iv i t y a t t hi s w e l l
Sim il a r t o W e l l 2
,
t hi s w e l l fr e q u e n t l y e x hi b i t e d d e c r e a s i n g
^ ^ ^
R n a c t i v it y f r o m t h e f i r s t
o f t h e fi v e s a m p l e s t o t h e l a s t T h e s a m e r e a s o n i s s u s p e c t e d : a s t h e p u m p o p e r a t e s , w a t e r i s
b e i n g d r a w n t o t h e p u mp s u c t i o n f r o m a r e a s o f l o w e r
^ ^ ^
R n c o n c e n t r a t i o n U n l i k e W e l l 2
,
t h e
p u m p s t a t u s p ri o r t o s a m p l i n g d id n o t s e e m t o m a t t e r I n t h e p r e v i o u s s t u d y , i t w a s p o s t u l a t e d
t ha t W e l l 5 w a s n o t b e i n g p u r g e d l o n g e n o u g h T h e a d d i t i o n a l d a t a fr o m t he c u r r e n t s t u d y ,
s h o w in g d e c r e a s i n g a c t iv i t y du ri n g s a m p l i n g , d o e s n o t s u p p o r t t hi s c o n c l u s i o n
T h e 19 9 5 a n n u a l a v e r a g e a c t i v it y f o r t hi s w e ll w a s 1 , 8 6 0 p C i/ L , u s i n g a l l 199 5
s a m p l e s I f t h e 1 99 5 a n n u a l a v e r a g e a c t iv i t y i s c a l c u l a t e d u s in g t h e hi g h e s t a n d l o w e s t a c t iv i t y
s a m p l e s f r o m e a c h o f t h e f o u r q u a r t e r s , t he a n n u a l a v e r a g e a c t i v it y f o r t h i s w e ll w o u l d h a v e
b e e n 2
,
2 3 8 p C i/ L a n d 1 , 4 1 6 p C i / L r e s p e c t i v e ly
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We l l 6
T h i s w e l l s e r v e s a s m a l l t r a il e r p a r k i n O r a n g e C o u n t y , N C I n c lu d in g t h e Y o r k s t u dy ,
W e l l 6 w a s s a m p l e d o n 2 6 d if f e r e n t d a y s b e t w e e n O c t o b e r , 1 9 9 4 a n d D e c e m b e r , 1 9 9 5 , f o r a
t o t a l o f 1 2 6 s a m p l e s F o r t h i s p e r i o d , t h e m e a n
^ ^ ^
R n a c t i v i t y w a s 1 8 3 ± 1 3 1% ( 1 SD )
I n d i v i d u a l s a m p l e a c t i v it i e s r a n g e d f r o m a h i g h o f 2 8 7 p C i/ L t o a l o w o f 1 34 p C i/ L d u r i n g t h e
p e r i o d
T h i s w e l l h a s a v e r y sm a l l h o l d i n g t a n k , s o t h e w e l l c y c l e s f r e q u e n t l y T h e p u m p o n l y
t a k e s fi v e t o s ix m i n u t e s t o r e fi l l t he t a n k , a f a c t t h a t m a k e s t a k i n g fi v e s a m p l e s a t t h e e n d o f a
fi v e m in u t e p u r g e a c h a l l e n g e
T hi s w e ll h a s t h e s e c o n d l o w e st
^ ^ ^ R n a c t i v i t y o f t h e f o u r t e e n w e l l s s a mp l e d T hi s w e l l
h a d t he h ig h e s t v a r ia t i o n (a v e r a g e %R SD = 10 9 % ) a m o n g s a m p l e s w i t h i n a g i v e n s a m p l i n g
r u n
,
w it h n o n o t i c e a b l e p a t t e r n b e t w e e n t h e fi r s t a n d l a s t s a m p l e O n o n e s a m p l i n g r u n ,
s a m p l e s r a n g e d f r o m a l o w o f 1 6 6 p C i /L t o a h i g h o f 2 8 7 p C i/ L , a 7 3 p e r c e n t i n c r e a s e
A l t h o u g h p o s s i b le , i t i s n o t l ik e ly t h a t
^ ^ ^
R n g a s i s b e i n g l o s t fi
^
o m t h e v i a l s , s i n c e t h e d a t a f o r
o t h e r w e l l s a r e s o c o n s i s t e n t T h e r e m ig h t b e s o m e v a r i a b l e g a s s t r i p p i n g g o i n g o n b e t w e e n
t h e p u m p d i s c h a r g e a n d t h e s p i g o t fi
'
o m w hi c h s a m p l e s a r e d r a w n I t i s r e c o mm e n d e d t h a t t h e
h o l d i n g t a n k f o r t h i s w e l l b e s a m p l e d i n a d d i t i o n t o t h e fi v e n o r m a l s a m p l e s T h i s s a m p le
s h o u l d b e t a k e n imm e d i a t e ly a ft e r t h e t a n k fi l l s a n d a ft e r t h e p u m p s e c u r e s : t h i s m a y g i v e a
f r e s h
,
r e p r e s e n t a t i v e s a m p l e t o m e a s u r e a v e r a g e a c t iv it y .
T h e 19 9 5 a n n u a l a v e r a g e a c t i v it y fo r t h i s w e l l w a s 1 8 6 p C i/ L , u s i n g a l l 19 9 5 s a m p l e s
I f t he 1 9 9 5 a n n u a l a v e r a g e a c t iv i t y i s c a l c u l a t e d u s in g t h e h i g h e s t a n d l o w e st a c t i v i t y s a m p l e s
f r o m e a c h o f t h e f o u r q u a r t e r s , t h e a n n u a l a v e r a g e a c t i v i t y f o r t hi s w e l l w o u l d h av e b e e n 2 4 0
p C i/ L a n d 15 2 p C i/ L r e sp e c t i v e l y
W e l l ?
T h i s w e ll s u p p l i e s a r e s i d e n t i a l s u b d iv i s i o n in O r a n g e C o u n t y , N C I n c lu d i n g t h e Y o r k
s t u d y . W e l l 7 w a s s a mp l e d o n 2 3 d i f f e r e n t d a y s b e t w e e n O c t o b e r , 1 9 9 4 a n d D e c e mb e r , 19 9 5 ,
f o r a t o t a l o f 1 15 s a m p l e s F o r t hi s p e r i o d , t h e m e a n
^ ^ ^
R n a c t i v i t y w a s 5 15 ± 6 8 % ( 1 SD )
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I n d iv i d u a l s a m p l e a c t i v i t ie s r a n g e d fr o m a h i g h o f 5 8 3 p C i/ L t o a l o w o f 4 3 2 p C i/ L d u r i n g t h e
p e r i o d
T h i s w e l l s h o w e d t h e t h i r d l o w e s t v a r i a n c e o f t he f o u r t e e n w e l l s i n t h e s t u d y T h e
p e r c e n t r e l a t i v e st a n d a r d d e v i a t i o n f o r a l l 1 1 5 s a m p l e s w a s 6 8% , w h e r e a s t h e a v e r a g e
p e r c e n t r e l a t i v e s t a n d a r d d e v i a t i o n a m o n g t h e fi v e s a m p l e s o f a s a m p l e r u n w a s 4 6 %
T he r e f o r e
,
i t w o u l d a p p e a r t h a t t h e r e i s v e r y l i t t l e v a r i a t i o n i n a c t iv i t y a t t hi s s it e d u r i n g t h e
y e a r
T h e 19 9 5 a n n u a l a v e r a g e a c t i v it y f o r t h i s w e ll w a s 5 17 p C i /L , u s i n g a l l 19 9 5 s a m p l e s
I f t h e 1 9 9 5 a n n u a l a v e r a g e a c t iv i t y i s c a l c u l a t e d u s i n g t h e h i g he s t a n d l o w e s t a c t iv i t y s a m p l e s
f r o m e a c h o f t h e f o u r q u a r t e r s , t h e a n n u a l a v e r a g e a c t iv i t y f o r t hi s w e l l w o u l d h a v e b e e n 5 74
p C i/ L a n d 4 4 7 p C i/L r e s p e c t i v e l y
W e l l s 8 a a n d 8 b
W e l l 8 f r o m t h e Y o r k s t u d y i s de s i g n a t e d W e l l 8 a i n t h e c u r r e n t s t u d y T hi s w e l l ,
a l o n g w i t h t w o o t he r w e l l s (W e l l s 8 b a n d 8 c ), s u p p l y t h e s a m e w a t e r s t o r a g e t a n k f o r a
r e s i d e n t i a l s u b d i v i s i o n i n C ha t h a m C o u n t y , N C A l l t h r e e w e l l s t u rn o n a n d o f f a t t h e s a m e
t im e i n r e s p o n s e t o h o ld i n g t a n k p r e s s u r e
I n c l u d i n g t he Y o r k s t u dy . W e l l 8 a (Y o r k
'
s W e l l 8 ) w a s s a mp l e d o n 2 4 d i f f e r e n t d a y s
b e t w e e n O c t o b e r
,
1 9 9 4 a n d D e c e mb e r
,
1 9 9 5
,
f o r a t o t a l o f 1 18 s a m p l e s F o r t h i s p e r i o d , t h e
m e a n ^ ^ ^ R n a c t i v it y w a s 3 , 2 8 0 ± 10 9 % ( 1 SD ) I n d i v id u a l s am p l e a c t i v i t i e s r a n g e d fr o m a
h i g h o f 3 , 8 8 0 p C i/ L t o a l o w o f 2 , 5 2 8 p C i/ L d u r i n g t h e p e r i o d
W e l l 8b w a s n e w t o t h i s s t u d y a n d w a s s a m p l e d o n s ix d i f f e r e n t d a y s b e t w e e n
A u g u s t , 1 9 9 5 a n d D e c e m b e r , 1 9 9 5 , f o r a t o t a l o f 2 9 s a m p l e s F o r t hi s p e r i o d , t h e m e a n
^^ ^
R n
a c t iv i t y w a s 1 , 0 8 1 ± 13 8 % ( 1 SD ) I n d iv i d u a l s a m p l e a c t iv i t i e s r a n g e d fr o m a h ig h o f 1 , 3 7 8
p C i / L t o a l o w o f 8 6 9 p C i /L d u r in g t h e p e r i o d H o w e v e r , t h i s w e ll w a s n o t s a mp l e d f o r a
l o n g e n o u g h p e r i o d o f t im e t o c h a r a c t e r iz e t he
^ ^ ^
R n v a r i a b i l i t y W e l l 8 c w a s s a m p l e d o n j u s t
o n e o c c a s i o n
,
in A u g u s t , 19 9 5 , f o r a t o t a l o f fi v e s a m pl e s
T h e r e s u l t s g r a p h f o r W e l l 8 a s ho w s t h e
^ ^ ^
R n a c t iv i t i e s f o r t h i s w e l l fr o m O c t o b e r
,
19 9 4 t o D e c e m b e r , 1 9 9 5 I t i s r e a d il y a p p a r e n t f r o m t hi s g r a p h t h a t t h e Y o r k s a m p l e
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a v e r a g e s a r e c o n s i s t e n t l y l o w e r t h a n t h e s a m p l e a v e r a g e s fr o m t h i s st u d y T he m e a n R n
a c t iv i t y fr o m t h e Y o r k st u d y w a s 3 , 0 1 3 p C i/ L , w h i l e t h e m e a n a c t i v i t y fr o m t hi s s t u d y w a s
3 , 4 0 4 p C i/ L , a p p r o x im a t e ly 1 1 5 p e r c e n t hi g h e r
T h i s di f f e r e n c e m a y b e p a r t i a ll y d u e t o w h e n s a m p l e s w e r e t a k e n d u r i n g t he p u m p i n g
c y c l e T h e s a m pl e s fr o m t h i s s t u d y w e r e a lm o s t a l w a y s t a k e n w h e n t he t a n k p r e s s u r e w a s
n e a r t h e hi g h - p r e s s u r e c u t o f f f o r t h e p u m p c o n t r o ll e r , i n d i c a t i n g t h e a pu m p in g c y c l e h a d j u s t
c o m p l e t e d I t i s u n k n o w n w h e n i n t h e p u m p i n g c y c l e t h e Y o r k d a t a w e r e t a k e n A f o l l o w - u p
s t u d y m i g h t i n v e s t i g a t e t h i s
W e l l 8 a (Y o r k
'
s W e l l 8 ) i s l o c a t e d i n t h e m a i n p u m p h o u s e a n d w a s s a m p l e d d u r i n g
e v e r y s a m p l i n g r u n W e l l 8b i s l o c a t e d a p p r o x im a t e ly 2 0 0 m n o r t h o f t h e pu m p h o u s e , w h i l e
W e l l 8 c i s l o c a t e d a p p r o x im a t e l y 2 0 0 m t o t h e w e s t o f t h e p u m p h o u s e I t i s n e a r l y
im p o s s ib l e t o s a m p l e f r o m a ll t h r e e w e l l s d u r i n g a s i n g le p u m p in g c y c le d u e t o ( 1) t h e
d i s t a n c e b e t w e e n t h e p u m p s , (2 ) t h e r a p i d fi l l i n g r a t e o f t h e h o l d i n g t a n k b y t h e t h r e e p u m p s ,
a n d (3 ) t h e i n a b il i t y t o du m p w a t e r f r o m t h e t a n k
T h e fi r s t W e l l 8 b s a m p l e s e t h a d a n a v e r a g e
^ ^ ^
R n a c t i v i t y o f 1 , 3 1 6 p C i / L ,
a p p r o x im a t e l y 4 0 p e r c e n t o f t h e W e l l 8 a a c t i v i t y f o r t h a t d a y T h e fi r s t W e l l 8 c s a m p l e s e t
h a d a n a v e r a g e
^ ^ ^
R n a c t i v i t y o f 2 , 8 9 5 p C i /L , a p p r o x im a t e ly e qu a l t o t h e W e l l 8 a a c t i v i t y f o r
t h a t d a y
S in c e s a m p l i n g fr o m a l l t h r e e w e l l s o n a n y g i v e n d a y w o u l d b e v e r y di f i c u l t , i t w a s
d e c i d e d t o a d d W e l l 8 b t o t h e s a m p l i n g p r o g r a m du e t o it s m u c h l o w e r
^ ^ ^
R n a c t iv i t y ,
c o m p a r e d t o W e l l 8 a F o r t h e s ix o c c a s i o n s o n w h i c h i t w a s p o s s ib l e t o s a m p l e b o t h We l l 8 a
a n d W e l l 8 b
,
t h e a v e r a g e
^ ^^
R n a c t iv i t y o f W e l l 8 b ( 10 8 1 p C i/ L ) w a s a p p r o x im a t e l y 7 0
p e r c e n t l o w e r t h a n W e l l 8 a (3 54 9 p C i /L ) T hi s i s r a t h e r r e m a r k a b l e , c o n s i d e r i n g h o w c l o s e
t h e w e ll s a r e t o e a c h o t h e r I f t h e 3 0 0 0 p C i/ L lim i t i s a d o p t e d , h a v in g W e l l 8b c o n t r i b u t e t o
t h e h o ld i n g t a n k m i g ht b r i n g t h i s w a t e r s u p p l y in t o c o m p Ua n c e
T h e 19 9 5 a n n u a l a v e r a g e a c t i v i t y f o r W e l l 8 a w a s 3 , 3 3 8 p C i/ L , u s in g a ll 1 9 9 5
s a m p le s I f t he 19 9 5 a n n u a l a v e r a g e a c t i v i t y i s c a l c u l a t e d u s in g t h e h i g he s t a n d l o w e s t a c t i v it y
s a m p le s f r o m e a c h o f t h e fo u r q u a r t e r s , t h e a n n u a l a v e r a g e a c t iv i t y f o r t hi s w e l l w o u l d h a v e
b e e n 3
,
7 6 4 p C i/ L a n d 2 , 8 4 2 p C i/ L r e s p e c t i v e l y
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W e l l 9
T h i s w e l l s e r v e s a r e s i d e n t i a l s u b d i v i s i o n i n C ha t h a m C o , N C I n c lu d i n g t h e Y o r k
s t u dy , t h e W e l l 9 s it e w a s s a m p l e d o n 1 7 di f f e r e n t d a y s b e t w e e n O c t o b e r , 1 9 9 4 a n d
D e c e m b e r , 1 9 9 5 , f o r a t o t a l o f 8 4 s a m p l e s F o r t h i s p e r i o d , t h e m e a n
^ ^ ^
R n a c t i v i t y w a s 2 , 2 4 2
± 1 1 1% ( 1 SD ) I n d i v i d u a l s a m p l e a c t i v it i e s r a n g e d f r o m a h ig h o f 2 , 9 16 p C i / L t o a l o w o f
1
,
8 0 3 p C i/ L du r i n g t h e p e r i o d
A n e w w e l l w a s d r i l l e d a t Si t e 9 b e tw e e n t h e t im e t h e Y o r k s t u d y e n d e d a n d t h i s
s t u d y b e g a n D u e t o p i p i n g c h a n g e s m a d e b y t h e w e l l o p e r a t o r , it b e c a m e m o r e d i f f i c u l t t o
s a mp l e t h i s w e ll , a n d s o i t w a s d r o p p e d f r o m t h e s a m p l in g p r o g r a m H o w e v e r , t h e w e l l
o p e r a t o r la t e r g a v e p e r m i s s i o n t o t a k e t h e a c t i o n s n e c e s s a r y t o s a m p l e f r o m t h e n e w w e l l a n d
it w a s r e s t o r e d t o t h e s a m p l i n g p r o g r a m
T h e d a t a r e p o r t e d f o r W e l l 9 i n t h i s s t u d y i s a c t u a l ly f o r a ph y s ic a ll y d i f f e r e n t w e l l
t h a n t h e W e ll 9 s a m p l e d i n t h e Y o r k s t u d y H o w e v e r , a r e v i e w o f t he d a t a s u g g e s t s t h a t t h e
o r i g i n a l a n d n e w w e l l s , l o c a t e d a p p r o x im a t e l y 1 5 m a p a r t , a r e d r a w i n g w a t e r f r o m z o n e s
h a v i n g s im i l a r
'
R n a c t i v i t y T he m e a n R n a c t iv i t y w a s 2 , 1 2 6 ± 8 9% fo r t h e Y o r k s t u d y
a n d 2
,
3 2 6 ± 10 8 % f o r t hi s s t u d y T h e r e s u l t s o f t h e t w o s t u d i e s a r e d i s p l a y e d t o g e t h e r i n t h e
fi g u r e fo r W e l l 9
W e l l 1 0
T hi s w e l l s u p p l i e s a s m a l l r e s i d e n t i a l s u b d iv i s i o n i n Ch a t h a m C o u n t y , N C I n c l u d i n g
t h e Y o r k s t u d y . W e l l 1 0 w a s s a m p l e d o n 2 4 d i f fe r e n t d a y s b e t w e e n O c t o b e r , 1 9 9 4 a n d
D e c e m b e r
,
1 9 9 5
,
f o r a t o t a l o f 1 19 s a m p l e s F o r t h i s p e r i o d , t h e m e a n
^ ^ ^
R n a c t iv i t y w a s
2
,
6 70 ± 4 8%) ( 1 SD ) T h i s w a s t h e l o w e s t v a r i a n c e o b s e r v e d i n t h e s t u dy I n d i v i du a l s a m p l e
a c t i v i t i e s r a n g e d f r o m a h ig h o f 2 , 8 9 6 p C i / L t o a l o w o f 2 , 2 5 0 p C i /L d u r in g t h e p e r i o d T h e
a v e r a g e p e r c e n t r e l a t i v e s t a n d a r d d e v i a t i o n fo r t h e fi v e s a m p l e s o f a s a m p l in g r u n w a s
a p p r o x im a t e l y 2 % ; t he r e f o r e , t h e r e i s a p p a r e n t l y v e r y l i t t l e v a r i a t io n i n a c t i v i t y a t t hi s s it e
d u r i n g t h e y e a r
5 8
O n n o o c c a s i o n w a s t h e pu m p p r e v i o u s l y r u n n i n g p r i o r t o s a m p l i n g T h e r e f o r e , a l l
s a m p l e s w e r e t a k e n s t a r t i n g fi v e m i n u t e s a ft e r m a n u a l ly s t a r t i n g t h e p u m p by a c t u a t i n g t h e
p r e s s u r e s w i t c h o r b l o w i n g d o w n t h e s t o r a g e t a n k o r b o t h
T h e m e a n
^ ^ ^
R n a c t i v i t y f o r t h i s s t u d y w a s a p p r o x im a t e l y 5 6% hi g h e r t ha n t h e
p r e v i o u s s t u d y , w i t h o n ly t hr e e o f t h e f i ft e e n s a m p l e s l e s s t h a t t h e g r a n d a v e r a g e fo r b o t h
s t u d i e s I t i s u n c e r t a i n w h y t h e s a m p l e s i n t h i s s t u dy w e r e c o n s i s t e n t l y hi g h e r t h a n t h e Y o r k
s t u d y , o r w hy t h e o v e r a l l s t a n d a r d d e v i a t i o n i s l o w e r (3 0 % v s 5 6 % ) I n a n y c a s e , t hi s
v a r i a t i o n i s n o t st a t i s t i c a l ly s ig n i fi c a n t
T h e 19 9 5 a rm u a l a v e r a g e a c t i v it y f o r t hi s w e l l w a s 2 , 6 8 9 p C i /L , u s i n g a l l 1 9 9 5
s a m p l e s I f t h e 19 9 5 a n n u a l a v e r a g e a c t iv i t y i s c a l c u l a t e d u s in g t h e h i g h e s t a n d l o w e s t a c t i v it y
s a m p l e s fr o m e a c h o f t h e f o u r q u a r t e r s , t h e a n n u a l a v e r a g e a c t i v i t y f o r t h i s w e l l w o u l d h a v e
b e e n 2 , 8 4 4 p C i/ L a n d 2 , 50 4 p C i /L r e sp e c t iv e l y .
W e l l s 1 1 a a n d l i b
W e l l s 1 l a a n d 1 l b w e r e n e w t o t h i s s t u d y B o t h w e l l s o p e r a t e i n t a n d e m t o fi l l a v e r y
l a r g e h o l d i n g t a n k f o r a l a r g e s u b d iv i s i o n i n O r a n g e C o u n t y , N C W e l l 1 1 a w a s s a mp le d o n
14 d if e r e n t d a y s b e t w e e n Ju n e , 1 9 9 5 a n d D e c e m b e r , 1 9 9 5 , f o r a t o t a l o f 7 0 s a m pl e s F o r t h i s
p e r i o d , t h e m e a n
^ ^ ^
R n a c t iv i t y w a s 3 54 ± 9 0 % ( 1 SD ) I n d iv i d u a l s a m p l e a c t iv i t i e s r a n g e d
f r o m a hi g h o f 4 18 p C i /L t o a l o w o f 2 7 9 p C i/ L du r i n g t h e p e r i o d
W e l l 1 l b c o u l d o n l y b e s a mp l e d w h e n t h e w e l l o p e r a t o r h a d t h e v e r y h e a v y , w e l l
s e c u r e d w e l l c o v e r r e m o v e d , s o i t w a s o n l y s a m pl e d o n f o u r d i f e r e n t d a y s in O c t o b e r a n d
N o v e m b e r
,
1 9 9 5 F o r t h i s p e r i o d , t h e m e a n
^ ^ ^
R n a c t iv i t y w a s 1 3 6 ± 9 6 % ( 1 SD ) I n d iv i du a l
s a m p l e a c t iv i t i e s r a n g e d f r o m a h i g h o f 1 5 7 p C i/ L t o a l o w o f 10 5 p C i / L d u r i n g t h e p e r i o d
T h i s w e l l h a d t h e l o w e s t
^ ^ ^
R n a c t iv i t y o f t h e f o u r t e e n w e l l s i n t he s a m p l i n g p r o g r a m T h e
w e ll i s l o c a t e d l e s s t h a n 1 0 m t o t h e w e s t o f W e l l 1 l a , b u t i t s m e a n
^^ ^
R n a c t i v i t y w a s
a p p r o x im a t e ly 6 0 p e r c e n t l e s s t h a n W e l l 1 l a
5 9
W e l l 1 2
T h i s i s o n e o f t hr e e w e l l s t h a t o p e r a t e t o g e t h e r t o s u pp l y t w o d if f e r e n t s u b d i v i s io n in
C ha t h a m C o u n t y , N C W e l l 12 w a s n e w t o t h i s s t u d y I t w a s s a m p l e d o n 14 d if fe r e n t d a y s
b e t w e e n J u n e , 1 9 9 5 a n d D e c e mb e r , 1 9 9 5 , f o r a t o t a l o f 6 9 s a m p l e s F o r t hi s p e r i o d , t h e m e a n
^ ^ ^
R n a c t i v it y w a s 1 , 0 6 6 ± 9 2 % ( 1 SD ) I n d i v i d u a l s a m p l e a c t i v it i e s r a n g e d fr o m a h i g h o f
1
,
3 1 1 p C i/ L t o a l o w o f 9 0 1 p C i / L d u r i n g t h e p e r i o d
T h e w e l l s ha v e a c o mm o n c o n t r o l c i r c u i t
,
b u t t h e y s u p p l y s e p a r a t e h o l di n g t a n k s D u e
t o t h e d e l i c a t e b a l a n c e i n c o n t r o l l i n g t h e t h r e e w e l l s , t h e w e l l o p e r a t o r d i d n o t w i s h fo r t he
o t h e r t w o w e ll s t o b e m a n u a l l y o p e r a t e d f o r s a m p l i n g
T h e t w o s a m p l e s s e t s t a k e n o n Ju l y 6 , 19 9 5 a n d J u l y 1 7 , 1 9 9 5 w e r e t a k e n fr o m a
s p ig o t in s i d e t he w e l l h o u s e , i n s t e a d o f a t t h e w e ll h e a d T h is w a s d o n e t o a v o i d h a v i n g t o
r e m o v e t h e w e l l h e a d c o v e r d u r i n g e v e r y s a m p l i n g r u n A s i n g l e s a m p l e t a k e n a t t h i s l o c a t i o n
o n J u n e 1 4
,
1 9 9 5
,
w a s o n l y 5 9 % l o w e r t h a n t h e m e a n o f t h e fi v e s a m p le s t a k e n a t t h e w e l l
h e a d ; t h e r e f o r e , it w a s t h o u g h t t h a t t h i s w o u l d n o t a p p r e c i a bl y a f fe c t t he r e s u l t s H o w e v e r ,
a ft e r Sa m p l e R u n 4 , a l l s u b s e q u e n t s a m p l e s w e r e t a k e n a t t h e w e ll h e a d d u e t o t h e l o w e r
^ ^ ^
R n a c t iv i t y o b s e r v e d A s t h e fi g u r e f o r W e ll 12 i n d i c a t e s , t h e s e t w o s a m p l e s w e r e t h e
l o w e s t i n t h e s t u d y p e r i o d I t i s a s s u m e d t h a t t h e r e i s a s m a l l l o s s o f
^ ^ ^
R n fr o m t h e w e ll h e a d
t o t h e p i p i n g in s id e t h e w e l l h o u s e
W e l l 13
W e l l 13 s u p p l i e s a s m a l l r e s i d e n t i a l s u b d i v i s io n i n O r a n g e C o u n t y , N C . W e l l 1 3 w a s
n e w t o t hi s s t u d y I t w a s s a m p l e d o n 10 d i f f e r e n t d a y s b e tw e e n A u g u s t , 1 9 9 5 a n d D e c e m b e r ,
1 9 9 5
,
f o r a t o t a l o f 5 0 s a m p l e s F o r t h i s p e r i o d , t h e m e a n
^^^
R n a c t i v it y w a s 4 0 6 ± 5 9 % ( 1
SD ) I n di v i d u a l s a m p l e a c t i v it i e s r a n g e d fr o m a h i g h o f 4 82 p C i /L t o a l o w o f 3 6 5 p C i / L
d u r i n g th e p e r i o d T hi s w e l l sh o w e d t h e s e c o n d l o w e s t v a r i a n c e o f t h e f o u r t e e n w e ll s i n t h e
s t u d y
I n s t e a d o f a h o l d in g t a n k , t hi s w a t e r s u p p ly s y s t e m u s e s t hr e e sm a l l r e c e iv e r s ;
t he r e f o r e
,
t h e p u m p c y c l e s f r e q u e n t l y T h e pu m p ha s a v e r y hi g h c a p a c i t y r e l a t i v e t o d e m a n d ,
6 0
s o t h e p u m p n o r m a l ly c y c l e s o n f o r o n ly a f e w m i n u t e s T h e r e f o r e , t h e w a t e r b e i n g p i p e d t o
c o n s u m e r s p r o b a b l y c o m e s f r o m a v e r y l im it e d v o lu m e i n t h e a q u if e r
W i t h a n m e a n ^ ^ ^ R n a c t i v i t y o f 4 0 6 p C i/ L , t h i s w e l l ha d t h e f o u r t h l o w e s t
^^ ^
R n l e v e l s
o f t h e f o u r t e e n w e ll s i n t h e s t u dy T h e m e a n
^ ^ ^
R n a c t iv i t y o f t h e t e n s a m p l i n g r u n s r a n g e d
fr o m 3 8 4 t o 4 3 6 p C i/ L , w i t h a s t a n d a r d d e v i a t i o n fo r a l l 5 0 s a m p l e s o f o n l y 4 4 p e r c e n t
G r o u n d w a t e r T e m p e r a t u r e s
W a t e r t e m p e r a t u r e d a t a i s im p o r t a n t f o r t w o r e a s o n s : ( 1 ) s t a b l e w a t e r t e m p e r a t u r e
d u r i n g s a m p l in g h e l p s t o c o n fi r m t h a t t h e w a t e r b e i n g s a m p l e d i s c o m i n g fr o m t h e u n d e r l y i n g
a q u i f e r , in s t e a d o f s t a n d i n g w a t e r i n t h e p u m p sh a ft (Y o r k , 1 9 9 5 ); a n d (2 )
^ ^ ^
R n g a s s o lu b i l i t y
i s i n v e r s e ly p r o p o r t i o n a l t o t e m p e r a t u r e (i e , g a s i s l e s s s o l u b l e a t h i g he r t e m p e r a t u r e s )
W a t e r t e m p e r a t u r e s w e r e t a k e n t hr e e t im e s du r i n g e a c h s a m p l i n g r u n ; w h e n t h e p u m p
fi r s t s t a r t e d , im m e d i a t e ly b e f o r e s a mp l i n g , a n d im m e d i a t e l y a ft e r s a mp l i n g T h e s e t h r e e
t e m p e r a t u r e s w e r e r a r e l y d i f e r e n t , i n d i c a t in g t h a t fr e q u e n t w e l l o p e r a t i o n p r e v e n t s w a t e r
s t a n d in g i n t h e w e ll s h a ft l o n g e n o u g h fo r a n y a p p r e c i a b l e h e a t e x c ha n g e t o o c c u r
R e g r e t t a b l y , t e m p e r a t u r e m e a s u r e m e n t s a r e n o t a v a i l a b l e fo r a l l s a m p l i n g r u n s a t a l l
w e l l s b e c a u s e t w o t h e r m o m e t e r s b r o k e d u r i n g t h e c o u r s e o f t h i s s t u d y T h e t h e r m o m e t e r t h a t
w a s u s e d a ft e r Ju l y h a d a s c a l e s e p a r a t i o n o f 10
° F
,
s o e v e n t h o u g h r e a di n g s w e r e r e c o r d e d t o
t h e n e a r e s t 1
° F
, a n s c a l e r e a d in g e r r o r o f ± 2
°
F sh o u l d b e c o n s i d e r e d
T a b l e 1 8 s u mm a r i z e s t h e w a t e r t e m p e r a t u r e d a t a fr o m t h i s s t u d y T w o t e m p e r a t u r e s
a r e l i s t e d i n t h e t a bl e w h e n t h e s a m p l in g r u n s i n t h e m o n t h h a d d i f e r e n t w a t e r t e m p e r a t u r e s
T h e s e d a t a (a n d a s s o c i a t e d d a t a fr o m t h e Y o r k s t u d y ) i n d i c a t e t h a t g r o u n d w a t e r t e m p e r a t u r e s
a r e f a i r l y c o n s t a n t t h r o u g h o u t t he y e a r T h i s m e a n s t h a t
^ ^ ^
R n s o l u b il i t y i s f a i r ly c o n s t a n t
t h r o u g h o u t t h e y e a r
6 1
T a b l e 1 8 : G r o u n d w a t e r T e m p e r a t u r e s






6 5 ° F 6 6 ° F
6 5 ° F
6 5 ° F
6 4 ° F
6 5° F 6 5 ° F









6 4 ° F
6 5 ° F 6 5 ° F
6 3
° F 6 3 ° F 6 5 ° F 6 4 ° F 6 3 ° F 6 5 ° F 6 3 ° F
5 3 ° F 6 2 ° F 6 2 ° F 6 0 ° F 6 r F 6 0 ° F
6 3
° F 6 0 ° F 6 1° F












6 0 ° F
8 a 6 3 ° F 6 3 ° F
6 2 ° F
6 3 ° F 6 2 ° F
6 3 ° F
6 3









10 6 2 ° F 6 5 ° F 6 6 ° F












6 3 ° F
6 0 ° F
6 6 ° F
6 4 ° F





6 3 ° F
6 4 ° F
6 1 ° F
6 2 ° F
59 ° F
6 0 ° F
6 1 ° F
6 0 ° F
6 1 ° F
6 2
F i n a l R e s u l t s
S in c e t h e p r o p o s e d s a m p l i n g s c he d u l e u l t i m a t e l y i n v o l v e s t a k i n g a s i n g le g r a b s a m p l e
o n l y o n c e p e r y e a r , t h e fi n a l a n a l y s i s o f t h e s t u d y d a t a fo c u s e d o n d e t e r m i n i n g h o w c l o s e e a c h
in d i v i du a l w e l l s a m p le w a s t o t h e g r a n d m e a n f o r t h e w e l l d u r i n g t h e s t u d y p e r i o d T he r e s u l t s
o f t h i s a n a l y s i s a r e s u mm a ri z e d i n T a b l e 1 9
F o r t h i s a n a ly s i s , e a c h i n d i v id u a l w a t e r s a mp l e w a s t r e a t e d a s a n i n d e p e n d e n t
o b s e r v a t i o n T h e d i fi Fe r e n c e b e t w e e n e a c h s a m p l e a n d t h e g r a n d m e a n f o r t h e w e l l w a s
c a l c u l a t e d a s a p e r c e n t a g e o f t h e g r a n d m e a n a n d t h e n t h e n u mb e r o f s a m p l e s i n e a c h o f s ix
c l a s s l im i t s w a s d e t e r m i n e d C l a s s l im i t s a r e < 1 0 %
,
10 % t o < 2 0 %
,
2 0% t o < 3 0 %
,
3 0% t o <
4 0 %
,
4 0 % t o < 5 0 %
,
a n d 5 0% t o < 6 0 %
A d di t i o n a l ly , t h e c u m u l a t i v e p e r c e n t a g e o f s a m p l e s f o r a g i v e n w e l l w i t hi n 10 , 2 0 , 3 0 ,
4 0
,
a n d 50 p e r c e n t o f t h e w e l l
'
s g r a n d m e a n a r e r e p o r t e d i n T a b l e 2 0 A l s o i n c lu d e d i n t h i s
t a b l e i s t h e m a x im u m d if fe r e n c e b et w e e n a n y s i n g l e s a m p l e a n d t h e g r a n d m e a n f o r e a c h w e l l ,
r e p o r t e d a s a p e r c e n t o f t h e g r a n d m e a n
T h e p e r c e n t r e l a t iv e s t a n d a r d de v i a t i o n (% R SD ) f o r e a c h s a m p l i n g r u n (w hi c h
n o r m a l l y in c l u d e d fi v e s a m p l e s ) w a s c a l c u l a t e d b y d iv i d i n g t he s t a n d a r d d e v i a t i o n o f t h e
s a m p le s i n t h e s a m p li n g r u n by t h e m e a n
^ ^ ^
R n c o n c e n t r a t i o n f o r t h e r u n T a b l e 2 1
s u m m a ri z e s t h e a v e r a g e v a l u e s o f t h e w i t hi n s a m p l i n g r u n % R SD f o r e a c h o f t he t hr e e
s t u d i e s
,
a s w e l l a s f o r a l l t h r e e s t u d i e s
I n t h i s s t u dy , t h e a v e r a g e d e c a y f a c t o r w a s 1 17 ± 0 12 ( 1 - s i g m a ) , r e p r e s e n t i n g a n
a v e r a g e h o l d t i m e b e t w e e n s a m p li n g a n d c o u n t i n g o f a pp r o x im a t e l y 2 1 h o u r s
6 3
T a b l e 1 9 : N u m b e r o f S a m p l e s W i t h i n Sp e c i fi e d P e r c e n t o f M e a n
W e i l l W e l l 2 W e l l 3 W e l l 5 W e l l 6
M e a n ( p C i/ L ) 3 6 , 4 2 1 ± 13 6% ( l a ) 2 4 , 9 6 2 ± 2 1 6% ( l a ) 13 , 2 9 0 ± 12 2% ( l a ) 1, 8 6 8 ± 12 4% ( l a ) 183 ± 13 1% ( l a )
10% o f M e a n 9 9 55 0% 73 40 6% 123 63 1% 7 5 6 6 4% 9 2 73 0%
20% o f M e a n 5 5 3 0 6 % 54 30 0 % 53 2 7 2% 2 8 2 4 8 % 2 2 17 5%
30 % o f M e a n 2 1 11 7% 22 12 2% 15 7 7% 5 3 % 7 1%
40% o f M e a n 2 8% 5 0 % 2 1% 3 5% 0 8%
50% o f M e a n 19 1 0 6 % 0 8%
6 0 % o f M e a n 1 7 % 0 8 %
T o t a l 18 0 10 0 0 % 180 10 0 0 % 19 5 10 0 0% 113 10 0 0 % 126 100 0 %
ON
M e a n ( p C i/ L )
10 % o f M e a n
2 0 % o f M e a n
3 0 % o f M e a n
4 0% o f M e a n
5 0% > o f M e a n
6 0% o f M e a n
T o t a l
W e l l 7






10 0 0 % ,
W e l l 8 a
3





4 3 2 %
3 4 %
100 0 %
W e ll 8 b
1







10 0 0 %
W e l l 9
2
,







1 0 0 0 %
W e l l 1 0
2
,





10 0 0 %
W e il 1 1 a W e l l l i b W e ll 12 W e l l 1 3
M e a n ( p C i/ L ) 3 54 ± 9 0% ( l a ) 13 6 ± 9 6% ( l a ) 1 , 0 6 6 ± 9 2% ( l a ) 4 0 6 ± 5 9 % ( l a )
10 % o f M e a n 5 1 72 9 %, 15 75 0% 49 7 1 0% 47 94 0%
20% o f M e a n 17 2 4 3% 20 0 % 26 1% 6 0 %
3 0%, o f M e a n 2 9% 5 0% 2 9%
4 0% o f M e a n
5 0 % o f M e a n
6 0% o f M e a n
T o t a l 7 0 10 0 0 % 20 10 0 0 % 69 10 0 0% 50 1 0 0 0 %
T a b l e 2 0 : C u m u l a t i v e P e r c e n t a g e D i f f e r e n c e f r o m t h e G r a n d M e a n
W e l l
N o
M e a n " ' " R n
C o n c e n t r a t i o n
± l a (p C i/ L )
T o t a l
S a mp l e s
C u m u l a t i v e P e r c e n t o f S a m p le s W it h i n
S p e c i f i e d P e r c e n t a g e o f M e a n
1 0% 20 % 3 0% 40 % 5 0%
M a x
3 6 , 4 2 1 ± 13 6% 180 55 0% 8 5 6% 9 7 2% 10 0 % 3 0 7 %
24
,
9 6 2 ± 2 1 6 % 180 4 0 6 % 70 6% 8 2 8 % 87 8% 9 8 3% 4 7 9 %
13 , 2 9 0 ± 12 2% 195 6 3 1% 90 3% 97 9% 10 0% 19 4 %
1
,
8 6 8 ± 12 4 % 113 6 6 4 % 9 1 2% 96 5% 10 0% 2 5 8 %
183 ± 13 1% 12 6 7 3 0 % 90 5% 9 7 6% 98 4 % 99 2% 54 6 %
5 15 ± 6 8 % 15 85 2% 100 % 17 4 %
8a 3
,
2 8 0 ± 10 9 % 5 3 4 % 96 6% 10 0% 2 1 8 %
8b 1
,
0 8 1 ± 1 3 8 % 2 9 4 1 4 % 89 7% 100 % 2 7 4 %
2
,
2 42 ± 11 1% 84 64 3 % 94 0% 10 0% 2 5 4 %
10 2 . 6 7 0 ± 5 0% 119 9 5 0 % 100% 6 7%
1 1a 3 5 4 ± 9 0 % 7 0 7 2 9 % 97 1% 100 % 2 1 2 %
l i b 13 6 ± 9 6 % 2 0 7 5 0% 95 0% 100 % 2 3 0%
12 1
,
0 6 6 ± 9 2% 6 9 7 1 0 % 97 1% 100 % 2 3 0%
13
A l l
4 0 6 ± 5 9 % 5 0
14 6 8
94 0 %
6 5 7 %
100 %
90 7% 9 6 8% 98 4 % 9 9 7%
18 8%
6 5






































































C O N C L U S I O N S
O f t h e 1
,
4 6 8 s a m p l e s t a k e n a t f o u r t e e n w e l l s d u ri n g t h i s a n d t h e t w o p r e v i o u s s t u d i e s
(H i g ht o w e r , 19 9 4 ; Y o r k , 1 9 9 5 ) , n o i n d iv id u a l
^ ^ ^
R n s a m p l e v a r i e d b y m o r e t h a n 5 5 p e r c e n t
f r o m t he a s s o c i a t e d w e l l
'
s m e a n
^ ^ ^ R n a c t iv i t y fo r t h e s a m p l i n g p e ri o d A p p r o x im a t e l y 6 6
p e r c e n t o f a l l s a m p l e s w e r e w i t hi n 10 p e r c e n t o f t h e i r a s s o c i a t e d g r a n d m e a n , a p p r o x i m a t e ly
9 1 p e r c e n t w e r e w i t h in 2 0 p e r c e n t o f t h e ir a s s o c i a t e d g r a n d m e a n , a n d a p p r o x i m a t e l y 9 7
p e r c e n t w e r e w it hi n 3 0 p e r c e n t o f t h e ir a s s o c i a t e d g r a n d m e a n B a s e d o n t h e s e r e s u h s , t h e
p r o p o s e d E P A s a m p l i n g p r o g r a m ( q u a r t e r ly s a m p l i n g fo r t h e fi r s t y e a r f o l l o w e d b y a n n u a l
s a m p l i n g ) s h o u l d b e a d e q u a t e f o r d e t e r m i n i n g if t h e w e l l s in t h i s s t u d y a r e a b o v e o r b e l o w t h e
c o m p li a n c e l im i t
G r o u n d w a t e r
^ ^^
R n a c t i v it y i n t h e w e l l s t e s t e d i n t h i s s t u d y t yp i c a l l y v a r i e d b y l e s s
t h a n 1 0 0 p e r c e n t d u r i n g t h e p e r i o d o v e r w h i c h t h e w e l l w a s s a m p l e d , c o m p a ri n g h i g he s t
s a m p l e t o l o w e s t s a m p l e H o w e v e r , W e l l 2 v a ri e d b y a s m u c h a s 2 14 p e r c e n t F o r e a c h w e l l
t e s t e d
,
a h i g h p e r c e n t a g e o f s a m p l e s w e r e w i t hi n 3 0 p e r c e n t o f t h e w e l l
'
s m e a n
^ ^ ^
R n a c t iv i t y
f o r t h e s a m p l i n g p e ri o d , c o n s i s t e n t w i t h t h e fi n d i n g s o f Y o r k ( 19 9 5 ) F o r t h e n i n e w e l l s
w h i c h w e r e s a m p l e d f o r g r e a t e r t h a n o n e y e a r , e i g h t w e l l s h a d a t l e a s t 9 5 p e r c e n t o f t h e i r
s a m p l e s w it h i n 3 0 p e r c e n t o f t he a s s o c ia t e d g r a n d m e a n F o r t h e fi v e w e l l s w hi c h w e r e n e w
t o t h e c u r r e n t s t u dy (i e , s a mp l e d f o r l e s s t ha n s e v e n m o n t h s ) , 1 0 0 p e r c e n t o f a l l s a m p l e s f o r
e a c h w e l l w e r e w it h i n 3 0 p e r c e n t o f t h e w e l l
'
s g r a n d m e a n T h e w e l l w it h t h e g r e a t e s t
v a ri a n c e a m o n g s a m p l i n g r u n s (W e ll 2 ) ha d g r e a t e r t h a n 8 0 p e r c e n t o f i t s s a m p l e s w it h i n 3 0
p e r c e n t o f t h e g r a n d m e a n f o r t he w e l l
T h e f o c u s o f t h i s s t u d y w a s t o d e t e r m i n e i f t h e p r o p o s e d E P A s a m p l i n g s c h e d u l e i s
a d e q u a t e t o c ha r a c t e r i z e t h e
^ ^ ^
R n a c t iv i t y in a g r o u n d w a t e r s o u r c e F o r t he w e l l s i n t hi s
s t u dy , t h e p r o p o s e d s a m p l i n g s h o u l d b e a d e q u a t e H o w e v e r , t h e w e l l s u s e d i n t hi s s t u d y w e r e
n o t r a n d o m l y s e le c t e d , a n d t he y a r e a l l p a r t o f t h e s a m e g e o l o g i c a l r e g i o n o f N o r t h C a r o l i n a
(W a t s o n , e t a l , 1 9 9 3 ) T h e r e f o r e , d a t a fi o m t h i s s t u d y a r e n o t a d e q u a t e t o e v a l u a t e
a p p l i c a b il i t y o f t h e p r o p o s e d s a mp l i n g s c he d u l e a t a n a t i o n a l l e v e l E v e n s o , s i n c e p r im a c y
s t a t e s m a y b e a l l o w e d t o m o di fy t h e i r s a m p l i n g p r o g r a m s (E P A , 1 9 9 1a ) , t h e d a t a fi
-
o m t hi s
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s t u dy m i g h t b e a p p l i e d t o e s t a b l i s h a s a m p l in g p r o g r a m f o r t h e e a s t e r n p i e d m o n t r e g i o n o f
N o r t h C a r o l i n a
I f t h e r e s u lt s fr o m t h i s s t u d y a r e i n d i c a t i v e o f t he l o n g - t e r m v a r i a t i o n s o f
^ ^ ^
R n a c t iv i t y
i n g r o u n dw a t e r , t h e n m a n y p u b l i c w a t e r s u p p l i e s n e e d n o t b e s a m p l e d a s o ft e n a s t h e




R n a c t i v i t y i s a fa c t o r o f t w o a b o v e
o r b e l o w t he l im i t f o r t h e f i r s t s a m p l e o f t h e fi r s t - y e a r s a m p l i n g p r o g r a m , t h e n t h e r e w o u l d b e
li t t l e b e n e fi t i n t a k i n g t h e r e m a i n i n g t hr e e s a m p l e s F o r w a t e r s u p p l i e s t h a t a r e w e l l b e l o w t h e
l im i t
,
t he r e m a i n i n g s a m p l e s sh o u l d n o t b e n e c e s s a r y t o d e m o n s t r a t e c o m p l i a n c e F o r w a t e r
s u p p l i e s w e l l a b o v e t h e li m i t , t h e r e i s n o b e n e fi t t o t a k i n g a d d i t i o n a l s a m p l e s u n t i l s o m e a c t i o n
i s t a k e n t o r e du c e t h e
^ ^^
R n a c t i v it y
T h e v a r i a t i o n o f
^ ^^
R n m a y o n l y b e im p o r t a n t f o r w e l l s c l o s e t o t h e p r o p o s e d
r e g u l a t o r y l im i t , w h e t h e r t h a t l im i t i s 3 0 0 p C i / L , 3 0 0 0 p C i /L , o r s o m e o t h e r v a lu e F o r
e x a m p l e , t w o o f t h e fi v e s a m p le s t a k e n a t W e l l 1 l a (m e a n a c t i v i t y = 3 5 4 p C i/ L ) o n 9 / 17 / 9 5
w e r e b e l o w 3 0 0 p C i/ L w h i l e t h r e e w e r e a b o v e , y et a l l fi v e s a m p l e s w e r e t a k e n w it h i n a p e r i o d
o f tw o m i n u t e s F o r W e l l 8 a (m e a n a c t i v i t y = 3 , 2 8 0 p C i/ L ), 3 2 s a m p l e s w e r e b e l o w 3 0 0 0
p C i/ L w h i l e 8 6 s a m pl e s w e r e a b o v e 3 0 0 0 p C i / L T h e s e d a t a t e n d t o s u g g e s t t h a t m u l t i p l e
s a m p l e s w i l l b e r e q u i r e d t o d em o n s t r a t e c o mp l i a n c e (o r l a c k o f c o m p l i a n c e ) a t w e l l s w hi c h
a r e c l o s e t o t h e r e g u l a t o r y l im i t T h e de c i s i o n t o e n f o r c e t he e m p l o ym e n t o f c o s t ly B e s t
A v a i l a b l e T e c hn o l o g y s h o u l d n o t b e b a s e d o n j u s t a f e w s a m p l e s i f t h e w e l l i s v e r y c l o s e t o
t h e li m i t A l t h o u g h in c o n v e n i e n t t o s a mp l i n g p e r s o n n e l , i t i s r e c o m m e n d e d t h a t w a t e r s u p p l i e s
c l o s e t o t h e l im it b e s a m p l e d fr o m t h e h o l d in g t a n k o r w a t e r t o w e r im m e d i a t e l y a ft e r a fi l l in g
c y c l e ; t h i s s h o u l d p r o v i d e a b e t t e r i n d i c a t i o n o f t h e a v e r a g e
^ ^ ^
R n a c t iv i t y b e i n g p i p e d t o
c o n s u m e r s
A l o g i c a l r e c o mm e n d a t i o n f r o m t h i s s t u d y w o u l d b e t h e g r a n t i n g o f a r e du c e d fi r s t
y e a r s a m p li n g p r o g r a m f o r w e ll s w hi c h a r e a s e t fr a c t i o n b e l o w t he p r o p o s e d l i m i t , b a s e d o n
fi r s t s a m p l e r e s u lt s F o r e x a m p l e , i f t h e 3 0 0 0 p C i/ L
^ ^ ^
R n l im i t o f Se n a t e B i l l S 13 16 i s
p a s s e d in t o l a w , t he n t h e fi r s t y e a r s a m p l i n g r e q u i r e m e n t s ho u l d b e r e l a x e d f o r w e l l s w h i c h
a r e a f r a c t i o n o f t h e l im it (e g , l e s s t h a n 1 0 0 0 p C i/ L ) b a s e d o n t h e fi r s t s a m p l e I n a s t u d y b y
Sa s s e r a n d Wa t s o n ( 19 7 8 ) , 16 1 o f t h e 2 1 1 g r o u n d w a t e r s u pp li e s t e st e d (7 6 p e r c e n t ) w e r e
l e s s t h a n t h e Se n a t e - p r o p o s e d l im i t o f 3 0 0 0 p C i/ L a n d a p p r o x im a t e ly 4 0 p e r c e n t w e r e l e s s
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t h a n 10 0 0 p C i /L I n a m o r e r e c e n t s t u d y by W a t s o n , e t a l ( 1 9 9 3 ) , 5 5 8 p r i v a t e w e l l s i n N o r t h
C a r o l i n a w e r e s a m p l e d f o r
^ ^ ^
R n A p p r o x im a t e l y 8 5 p e r c e n t o f t h e s e w e l l s w e r e l e s s t h a n
3 00 0 p C i / L a n d a p p r o x i m a t e l y 6 3 p e r c e n t w e r e l e s s t h a n 1 0 0 0 p C i/ L .
C o n s i d e r i n g t h a t 6 8 , 0 0 0 w a t e r s y s t e m s w i l l h a v e t o b e t e s t e d (E P A , 1 9 9 1b) , t he
e lim i n a t i o n o f u n n e c e s s a r y fi r s t - y e a r s a m p l i n g c o u l d g r e a t ly r e d u c e c o s t s a s s o c i a t e d w i t h
d e m o n s t r a t i n g c o m p l ia n c e , w hi le s t i l l a d e qu a t e ly c h a r a c t e r i z i n g t h e
^^ ^
R n a c t i v i t y H o w e v e r ,
s a m p l i n g p r o g r a m s m a y b e i n fl u e n c e d by p o li t i c s a s m u c h a s b y s c i e n c e F a il u r e t o i d e n t i fy a n
o u t - o f - c o m p l i a n c e w e l l d u r i n g t h e fi r s t y e a r o f s a m p l i n g m i g ht n o t b e a p p r e c i a t e d b y t he
c o n su m e r s o f t h a t w a t e r
I f t h e v a r i a t i o n o f
^ ^ ^
R n o b s e r v e d o v e r t he c o u r s e o f t hi s s t u d y i s t y p i c a l f o r t h e s e
w e l l s
,
t h e n s a mp l i n g l e s s o ft e n t h a n o n c e e a c h y e a r s h o u l d b e a l l o w e d f o r w e l l s w h i c h a r e
w e l l b e l o w t h e c o m pl i a n c e l im i t O n e s a m p l e e v e r y t h r e e y e a r s , a n o p t i o n i n t h e r e g u l a t i o n s ,
w o u l d b e s u f f i c i e n t H o w e v e r , l o n g - t e r m (e g , t h r e e t o s ix y e a r s ) p e r i o d i c s a m p l i n g o f s e v e r a l
w e l l s i n s p e c i fi c g e o l o g i c a l r e g i o n s sh o u l d b e p e r f o r m e d p r i o r t o m a k i n g su c h a p o l ic y
d e c i s i o n A n d
,
a s m e n t i o n e d p r e v i o u s ly , it w o u l d s e e m u n n e c e s s a r y t o r e p e a t s a m p l i n g a t a
w e l l t h a t i s c o n s i d e r a b ly a b o v e t h e c o mp l i a n c e l im i t u n t il s o m e a c t i o n i s t a k e n t o r e du c e t h e
^^ ^
R n p i p e d t o c o n s u m e r s
S p e c i a l St u d i e s
T h e e x p e r im e n t s c o n du c t e d i n s u p p o r t o f t h e m a i n s t u d y (A p p e n d i x C a n d A p p e n d ix D )
d e m o n s t r a t e d t h e f o ll o w i n g ( 1) v a r y i n g t he s a m pl e v o l u m e be t w e e n 6 mL a n d 12 m L , w i t h
10 mL o f s c i n t i l l a t o r
,
h a s n o a f f e c t o n c a l c u l a t e d
^ ^ ^
R n a c t iv i t y ; (2 ) v a r y i n g s c i n t i l l a t o r v o l u m e
w h i l e m a i n t a i n i n g s a m p l e v o l u m e c o n s t a n t h a s n o e f fe c t o n t h e r e s u l t s ; (3 ) u s in g a w at e r - t o -
s c i n t i l l a t o r r a t io o f 1 7 : 5 s e e m s t o r e s u h i n a l o w e r e s t im a t i o n o f t h e
^ ^ ^
R n c o n c e n t r a t io n t h a n
a 1 0 : 1 0 r a t i o ; (4 ) th e t im e d e l a y b e t w e e n sh a k i n g a n d c o u n t i n g h a s n o a f f e c t o n t h e s a m p l e
r e s u l t s ; a n d (5 ) u s i n g a s y r in g e c a n p r o du c e a l o s s o f
^ ^ ^
R n g a s , p o s s i b l y d u e t o
d e p r e s s u r i z at i o n i n t h e s y r in g e
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R e c o m m e n d a t i o n s f o r F u t u r e S t u d i e s
A d d i t i o n a l d a t a w o u l d p r o v i d e a c le a r e r p ic t u r e o f t he y e a r
- t o - y e a r v a ri a t i o n s i n
g r o u n d w a t e r
^ ^ ^ R n a c t iv i t y ; t h e r e f o r e , e f f o r t s s h o u l d c o n t i n u e t o c h a r a c t e r i z e t h e
^ ^ ^
R n
a c t i v i t y t r e n d s f o r t h e w e l l s i n t h i s s t u dy , p a r t i c u la r ly t h e w e l l s t h a t h a v e l e s s t h a n o n e y e a r o f
s a m p l i n g d a t a C o n t i n u e d s a m p l i n g o f W e l l s 1 , 2 , a n d 3 c o u l d b e p e r f o r m e d , bu t q u a r t e r ly
s a m p l i n g s h o u l d b e s u f fi c i e n t W e l l s i n t h e t w o o t h e r g e o l o g i c a l r e g i o n s o f N o r t h C a r o l i n a
s h o u l d b e s a m p l e d i n t h e s a m e m a n n e r a s t h e w e l l s i n t h e c u r r e n t s t u dy St u d e n t s f r o m U N C -
A s hv i l l e a n d U N C - W i lm i n g t o n m i g h t b e r e c r u i t e d t o h e lp w i t h t h i s s t u dy
F u t u r e s t u d i e s s ho u l d n o t f o c u s o n im p r o v i n g t h e a b s o l u t e m i n i m u m d e t e c t a b l e l im i t
f o r
^ ^ ^
R n a c t i v i t y ; r a t h e r , t h e y s h o u l d f o c u s o n fi n d i n g t h e o p t im u m b a l a n c e a m o n g a c c u r a c y ,
s im p l i c i t y , s p e e d , a n d e c o n o m y E f fo r t s s h o u l d fo c u s o n m i n im i z i n g c o u n t i n g u n c e r t a i n t i e s
w h i l e m i n im i z in g p r o c e s s i n g t im e s , l a b o r c o st s (b o t h l a b o r a t o r y a n d fi e ld ) , s c in t i l la t o r
v o lu m e s a n d c o s t s
,
t r a n sp o r t / m a i l i n g c o s t , d i s p o s a l c o s t s , t r a in i n g c o s t s , e t c
F u t u r e s t u d i e s s h o u l d i n v e s t i g a t e m e t h o d c h a n g e s t h a t r e d u c e u n c e r t a i n t i e s a n d ,
t h e r e fo r e
,
t h e l o w e r l im it o f d e t e c t i o n f o r
^ ^ ^
R n T h e s e c h a n g e s s h o u l d i n c l u d e n a r r o w i n g t h e
c o u n t i n g w i n d o w t o i n c l u d e o n l y t h e a l p h a p e a k s a n d e x c l u d e b a c k g r o u n d c o u n t s (B a k e r ,
1 9 9 2 ) , b u t t h e e f fe c t o f sp e c t r u m s hi ft d u e t o q u e n c hi n g s h o u l d a l s o b e i n v e s t ig a t e d T o t h i s
e n d , s e v e r a l
^ ^ * '
R a s t a n d a r d s c o u l d b e o b t a i n e d a n d q u e n c h i n g a g e n t a d d e d ( e g , i r o n ) . Si n c e
a c c u r a t e
^ ^ ^
R a s t a n d a r d s a r e s o c r u c i a l t o a c c u r a t e d e t e r m in a t i o n o f
^ ^ ^
R n a c t i v i t y , i t i s
r e c o mm e n d e d t h a t s e v e r a l n e w
^ ^ ' '
R a s t a n d a r d s b e o b t a i n e d a n d c r o s s - c a l i b r a t e d w it h
s t a n d a r d s m a d e b y e x p e r t r a d i o c h e m i st s
T h e e f f e c t s o f c ha n g i n g s c i n t i l l a t o r a n d s a m p l e v o l u m e s s h o u l d a l s o b e i n v e s t i g a t e d t o
fi n d t he o p t im u m r a t i o A st u d y s h o u l d b e d o n e t o c o n fi r m L o w r y
'
s ( 1 9 9 1 ) fi n di n g t h a t t h e
o p t im u m w a t e r : fl u o r r a t i o i s 17 : 5 A n e x p e ri m e n t in t h i s s t u dy (A p p e n di x D ) s u g g e s t e d t h a t
t h i s r a t i o p r o d u c e s a s i g n i f i c a n t l o s s i n c o u n t i n g e f fi c i e n c y A l s o , a n e x p e ri m e n t i n t hi s st u dy
(A p p e n d ix D ) s h o w e d t h a t 8 m L o f s c i n t i l l a t o r c o u l d b e u s e d w i t h 10 m L o f s a m p l e i n s t e a d
o f 10 m L o f s c in t il l a t o r R e d u c i n g t h e a m o u n t o f s c i n t il l a t o r (> $ 13 0 p e r b o t t l e ) b y 2 0 p e r c e n t
c o u l d r e d u c e a n a l y s i s c o s t s T h e P a c k a r d N E N m i n e r a l o i l s c i n t i ll a t o r u s e d i n t hi s s t u d y i s
v e r y e x p e n s i v e A n y o t h e r c o c k t a i l s s e l e c t e d f o r s t u d y s h o u ld h a v e s u i t a b le q u a l i t i e s f o r l a r g e -
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s c a l e
^ ^ ^
R n s a m p l i n g p r o g r a m s , i n c l u d i n g n o r e s t r ic t i o n s o n m a i l i n g o r d i s p o s a l T w o s t u d i e s
(K i n n e r , e t a l , 1 9 9 1 ; L o w r y , 1 9 9 1 ) r e p o r t t h a t O pt i - F lu o r O c o c k t a i l i s j u s t a s e f fi c i e n t w h i l e
m u c h l e s s e x p e n s iv e
E f f o r t s m ig ht f o c u s o n r e c o m m e n d i n g p r o c e du r e c h a n g e s t o o p t im i z e t h e E P A
p r o c e du r e P e r h a p s a n a d a p t a t i o n o f t h e m e t h o d s u s e d i n t h e c u r r e n t s t u d y c o u l d b e
c o m p a r e d t o t h e p r o p o s e d E P A m e t ho d t o fi n d a p r o c e d u r e t h a t o p t im iz e s a c c u r a c y , c o s t ,
a n d s p e e d o f a n a ly s i s V a r i o u s s a m p l e c o l l e c t i o n m e t h o d s s h o u l d b e in v e s t i g a t e d A n
e x p e r im e n t p e r f o r m e d i n t hi s s t u d y s u g g e s t e d t h a t t h e p r o p o s e d E P A p r o c e d u r e r e s u l t s i n a
l o s s o f ^ ^ '
'
R a d u r i n g l a b o r a t o r y p r o c e s s i n g (A p p e n d i x D ) T he p r o p o s e d E P A m e t ho d s ho u ld
b e t e st e d t o v e r i fy t h i s fi n d i n g A l s o , l a r g e r s a m pl e s c o u l d b e t a k e n d u r i n g e a c h s a m p l i n g r u n
F o r e x a m p l e , V O A (v o l a t i l e o r g a n i c s a n a ly s i s ) b o t t l e s m i g h t b e u s e d , fi l l e d f r o m t h e w e l l w it h
a u n i v e r s a l a d a p t e r a t t a c he d t o t h e sp i g o t (K i n n e r , e t a l , 1 9 9 1 ) U s e o f s e p t u m c a p s o n t h e
v i a l s w o u l d a l lo w e a s y a u t o m a t i o n o f t h e w a t e r e x t r a c t i o n a n d s c i n t il l a t o r i n j e c t i o n s t e p s i n
t he E P A p r o c e d u r e , w h i l e e l im i n a t i n g t h e
' ^ ^
R n g a s l o s s a s s o c i a t e d w i t h r e m o v i n g t h e c a p
F u t u r e s t u d ie s s h o u l d i n v e s t ig a t e t he c h a n g e s i n
^ ^ ^
R n a c t iv i t y du r i n g a p u m p i n g c y c l e ,
d a y , a n d w e e k Si n g l e w e l l s s h o u l d b e s a m p l e d o v e r a p e r i o d o f s e v e r a l h o u r s t o e v a l u a t e
i n t r a - d a y t r e n d s (H i g h t o w e r , 1 9 9 4 ) T h e w e l l w a t e r m e t e r s r e a d i n g s m i g h t b e r e c o r d e d
d u r i n g e v e r y s a mp l i n g r u n i n a n e f f o r t t o i d e n t i fy a p o s s ib l e c o r r e l a t i o n b e t w e e n w a t e r
u t i li z a t i o n a n d ^ ^ ^ R n t r e n d s
A s s t a t e d i n t h e i n t r o d u c t i o n , t h i s s t u d y d i d n o t a t t e m p t t o d e t e r m i n e w hy
^ ^ ^
R n v a r ie s
i n w e ll w a t e r W it h s u f fi c i e n t d a t a
,
s t a t i s t i c a l a n a l y s i s c o u l d p o s s ib l y q u a n t i fy t h e c o n t r i b u t i o n
o f e a c h m aj o r s o u r c e o f v a r i a t i o n , s u c h a s r a i n f a l l , a t m o s p h e r i c p r e s s u r e , w a t e r u s e , s e a s o n ,
w a t e r t e m p e r a t u r e , t im e o f s a m p l e , e t c I t i s r e c o mm e n d e d t h a t t he a v e r a g e
^ ^^
R n
c o n c e n t r a t i o n f o r a n e n t i r e p u m p i n g c y c l e b e d e t e r m i n e d t o a v o id c o n f o u n d i n g d u e t o
p u m p i n g c y c l e v a r i a t i o n s (A p p e n d ix D - 1 ) O p t im a l ly , a w e l l o r s e t o f w e l l s w o u l d h a v e
e q u i p m e n t i n s t a ll e d fo r c o n t in u o u s m o n it o r i n g o f
^ ^ ^
R n a c t iv i t y , a s w e ll a s k e y w e a t h e r a n d
w a t e r u s e d a t a
7 1
R E F E R E N C E S
A lt s h u le r , B ; P a s t e r n a c k , B St a t i s t ic a l m e a s u r e s o f t h e l o w e r l im it o f d e t e c t i o n o f a
r a d i o a c t iv e c o u n t e r H e a lt h P hy s 9 : 2 9 3 - 2 9 8 ; 1 9 6 3
B l a n c ha r d
,
R L ; H a h n e , R M A ; K a hn , B ; M c C u r d y , D ; M e l l o r , R ; M o o r e ,
W S ; Se d le t , J ; W h i t t a k e r , E R a d i o l o g i c a l s a m p l in g a n d a n a ly t ic a l m e t h o d s f o r
n a t i o n a l p r im a r y d r i n k in g w a t e r r e g u l a t i o n s H e a l t h P hy s 4 8 : 5 8 7 - 6 0 0 ; 19 8 5
C e mb e r , H I n t r o d u c t i o n t o h e a h h p hy s i c s , s e c o n d e d i t i o n E lm s f o r d , N Y : P e r g a m o n
P r e s s ; 1 9 8 3 : 7 9 - 8 7
D a n a li - C o t s a k i , S ; M a r g o m e n o u - L e o n i d o p o u l o u , G
^ ^ ^
R n i n G r e e k s p a w a t e r s :
c o r r e la t i o n w it h r a i n f a l l a n d s e i s m i c a c t i v i t i e s H e a l t h P hy s 6 4 :6 0 5 - 6 12 ; 1 9 9 3
D i l l o n , M E ; C a r t e r , G L ; A r o r a , R ; K a h n , B R a d o n c o n c e n t r a t i o n s i n g r o u n d
w a t e r o f t h e G e o r g ia P i e d m o n t H e a l t h P hy s . 6 0 : 2 2 9 - 2 3 6 ; 1 9 9 1
D u s e n bu r y , B D , J r A c o m p i l a t i o n o f m e a s u r e m e n t s o f r a d o n in N o r t h C a r o l i n a
g r o u n dw a t e r a n d a s t u d y o f s a m p l e c o l l e c t i o n m e t h o d s U n i v e r s it y o f N o r t h C a r o li n a
a t C ha p e l H i l l . M a s t e r
'
s R e p o r t , 1 9 9 2
F a r a i
,
I P ; Sa r m i , A O
^ ^ ^
R n in g r o u n d w a t e r i n N ig e r i a : a s u r v e y H e a l t h P hy s
6 2 : 9 6 - 9 8 ; 1 9 9 2
H e s s
,
C T ; M i c h e l , J ; H o r t o n , T R ; P r i c h a r d , H M ; C o n i g l i o , W A T h e
o c c u r r e n c e o f r a d i o a c t iv i t y i n p u b l ic w a t e r s u p p l i e s i n t he U n i t e d St a t e s H e a l t h P hy s
4 8 : 5 5 3 - 5 8 6 ; 1 9 8 5
H e s s
,
C T ; B e a s l e y , S M Se t t i n g u p a la b o r a t o r y f o r r a d o n i n w a t e r m e a s u r e m e n t s
I n : C o th e r n
,
C R ; R e b e r s , P A , e d s R a d o n , r a d iu m a n d u r a n iu m in d r i n k i n g w at e r .
C he l s e a
,
M I : L e w i s P u b h s h e r s
,
I n c ; 19 9 0 : 1 9 3 - 2 0 2
H i g ht o w e r , J H , I I I
^^^
R n i n w a t e r : a c o m p a r i s o n o f t w o s a m p l e c o l l e c t i o n m e t ho d s
a n d t w o s a m p l e t r a n s p o r t m e t h o d s , a n d t h e d e t e r m i n a t i o n o f t e m p o r a l v a ri a t io n in
N o r t h C a r o l i n a g r o u n d w a t e r U n i v e r s i t y o f N o r t h C a r o l i n a a t C h a p e l H i l l M a s t e r
'
s
R e p o r t ; 1 9 9 4




e d L i q u i d S c i n t i l l a t i o n A n a l y s i s , Sc i e n c e a n d T e c h n o l o g y P a c k a r d
I n s t r u m e n t C o m p a n y , I n c ; 1 9 89
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K i n n e r
,
N E ; M a l le y , J P ; J r ; C le m e n t , J A ; Q u e r n , P A ; S c h e l l , G S , L e s s a r d ,
C E E ff e c t s o f s a m p l i n g t e c h n i q u e , s t o r a g e , c o c k t a i l s , s o u r c e s o f v a r i a t i o n a n d
e x t r a c t i o n o n li q u i d s c i n t il l a t i o n t e c h n i q u e s fo r r a d o n i n w a t e r E n v i r o n S c i T e c h n o l
2 5 : 1 16 5 - 1 17 1 ; 1 9 9 1
L a p p e n b u s c h , W L ; C o t he m , C R R e g u l a t o r y d e v e l o p m e n t o f i n t e r im a n d r e v i s e d
r e g u l a t i o n s f o r r a d i o a c t i v i t y i n d r i n k i n g w a t e r - p a s t a n d pr e s e n t i s s u e s a n d p r o b l e m s .
H e a l t h P h y s 4 8 : 5 3 5 - 5 5 1 ; 19 8 5
L o n g t i n , J O c c u r r e n c e o f r a d i o n u c l i d e s i n dr in k i n g w a t e r , a n a t i o n a l s t u dy I n : C o t h e m ,
C R . ; R e b e r s , P A , e d s R a d o n , r a d i u m a n d u r a n iu m i n d r i n k i n g w a t e r C h e l s e a , M I :
L e w i s Pu b l i s h e r s , I n c ; 1 9 9 0 : 9 7 - 13 9
L o w r y , J D M e a s u r i n g l o w r a d o n l e v e l s i n d r i n k i n g w a t e r s u p p l i e s Jo u r n a l A WW A
8 3 : 14 9 - 1 53 ; 1 9 9 1
M e n d e n h a l l , W ; W a c k e r l y , D ; Sc h e a fl Fe r , R M a t h e m a t i c a l s t a t i s t i c s w i t h a p p l i c a t i o n s ,
f o u r t h e d it i o n B o s t o n
,
M a s s : P W S- K e n t P u b li s hi n g C o m p a n y ; 1 9 9 0
M i c h e l
,
J R e l a t i o n s h i p o f R a d i u m a n d R a d o n w i t h G e o l o g i c a l F o r m a t i o n s I n : C o t h e r n ,
C R ; R e b e r s , P A , e d s R a d o n , r a d i u m a n d u r a n i u m i n d r i n k i n g w a t e r Ch e l s e a , M I :
L e w i s P u b l i s h e r s
,
I n c . ; 1 9 9 0 : 8 3 - 9 5
P a r s a , B ; H o r t o n , T R a d o n - 2 2 2 i n d r i n k i n g w a t e r : a n N JD E P - E E RF c o ll a b o r a t i v e
s t u d y H e a l t h P hy s 5 8 : 2 0 9 - 2 12 ; 1 9 9 0
P ri c h a r d
,
H M ; G e s e l l , T F R a p i d m e a s u r e m e n t s o f
^^ ^
R n c o n c e n t r a t i o n s i n w a t e r
w i t h a c o m m e r c i a l l i q u i d s c i n t i l l a t i o n c o u n t e r H e a l t h Ph y s 3 3 : 5 7 7 - 5 8 1 ; 1 9 7 7
Sa s s e r , M K ; W a t s o n , J E , J r A n e v a l u a t i o n o f r a d o n c o n c e n t r at i o n i n N o r t h
C a r o li n a g r o u n dw a t e r s u p p l i e s H e a l t h P hy s 3 4 : 6 6 7 - 6 7 1 ; 1 9 7 8
S h a p i r o , J R a di a t i o n p r o t e c t i o n , a g u i de fo r s c i e n t i s t s a n d p hy s i c i a n s C a mb r i dg e , M a s s :
H a r v a r d U n i v e r s i t y P r e s s ; 19 9 0
S im o n e s , G C ; Sp a u l d i n g , J D ; W e n n e r , D B ; a n d N o a k e s , J . E N o r t h e a s t G e o r g i a
t e m p o r a l a n d sp a t i a l v a r i a t i o n s i n t h e r a d o n c o n t e n t o f g r o u n d w a t e r A t l a n t a , G a :
G e o r g i a I n s t it u t e o f T e c h n o l o gy ; E n v ir o n m e n t a l R e s o u r c e s C e n t e r R e p o r t E R C 0 3 -
8 8 ; 1 9 8 8
U S C o n g r e s s R e p o r t 10 4 - 16 9 , S a fe D r i n k i n g W a t e r A c t A m e n dm e n t s o f 1 9 9 5 ,
R e p o r t o f t h e C o m m i t t e e o n E n v ir o n m e n t a n d P u b l i c W o r k s , U n i t e d St at e s Se n a t e ,
o n S 13 16 Se n a t e R e p o r t s O n l i n e v i a G P O A c c e s s , w a i s a c c e s s g p o g o v
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•
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y C o d e o f F e d e r a l R e g u l a t i o n s , T it l e 4 0 ,
P a r t 1 3 6
,
A p p e n d ix B , D e f i n it i o n a n d P r o c e d u r e f o r t h e D e t e r m i n a t i o n o f t h e M e t h o d
D e t e c t i o n L im i t R ev 1 1 1
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y R a d o n i n w a t e r s a m p l in g p r o gr a m
M o n t g o m e r y , A l a , E a s t e r n E n v i r o n m e n t a l R a d i a t i o n F a c i l it y ; R e p o r t E P A / E E R F
M a n u a l 7 8 - 1 ; 1 9 7 8
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y W a t e r p o l l u t i o n c o n t r o l ; n a t i o n a l p r i m a r y
d r i n k i n g w a t e r r e g u l a t i o n s ; r a d i o n u c l i d e s F e d e r a l R e g i s t e r 1 8 9 : 3 4 8 3 6 - 3 4 8 6 2 ; 19 86
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y F e d e r a l R e g i st e r V o l 5 2 , N o 13 0 ,
2 5 6 9 9 - 2 57 0 0 ; 1 9 8 7
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y N a t i o n a l p r i m a r y dr i n k i n g w a t e r r e g u l a t i o n s :
r a d i o n u c l i d e s F e d e r a l R e g i s t e r 56 , N o 13 8 : 3 30 50 - 3 3 1 14 ; J u l y 1 8 , 1 9 9 1 a
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y R a d i o n u c l i d e s i n D r i n k i n g W a t e r F a c t Sh e e t
19 9 1b
U S E n v i r o n m e n t a l P r o t e c t i o n A g e n c y D e t e r m i n a t i o n o f r a d o n i n d r i n k in g w a t e r b y
l i q u i d s c in t i ll a t i o n c o u n t i n g , m e t ho d 9 13 . 0 , r e v . 8 (d r a ft ) 1 9 9 3




T o w a r d a s t a n d a r d m e t h o d f o r d e t e r m i n i n g w a t e r b o m e r a d o n H e a l t h P h y s
6 0 : 8 17 - 8 2 9 ; 1 9 9 1
W a lk e r
,
F W ; D u d l e y , G M ; F e i n e r , F C h a r t o f t h e n u c l i d e s , t h i r t e e n t h e d i t i o n
Sa n J o s e
,
CA : G e n e r a l E l e c t r i c C o m p a n y ; 19 84
W a t s o n , J E , Jr ; E v a n s , J P ; M a b r y , A M A n a l y s i s o f
^^ ' R n c o n c e n t r a t i o n i n N o r t h
C a r o l i n a h o u s e h o ld w a t e r s u p p li e s de r iv e d fi
-
o m p r i v a t e w e ll s H e a l t h P h y s 6 5 : 1 5 6 -
1 6 0 ; 19 93
W i l l i a m s
,
S E S a f e d r i n k i n g w a t e r a c t I n : Su l l iv a n , T F P , e d E n v i r o n m e n t a l l a w
h a n d b o o k
,
t h i r t e e n t h e di t i o n R o c k v i l l e
,
M D : G o v e r n m e n t I n s t i t u t e s , I n c ; 1 9 9 5 : 2 0 3 -
2 2 4
Y o r k
,
E L St u dy o f t e m p o r a l v a r i a t i o n o f r a d o n c o n c e n t r a t i o n i n pu b l i c d r i n k i n g
w a t e r s u p p li e s U n iv e r s i t y o f N o r t h C a r o l i n a a t C h a p e l H i ll M a s t e r
'
s R e p o r t ; 1 9 9 5
7 4
A P P E N D I X A
T A B L E A - 1 : SA M P L E C O L L E C T I O N R A W D A T A
T h i s a p p e n d i x c o n t a in s t h e t a b u l a t e d r a w d a t a f r o m t he s t u d y T h e t a b l e i s d i v i d e d b y
s a m p l in g r u n s T h e t e r m s a m p l i n g r u n r e f e r s t o a g r o u p o f w e l l w a t e r s a m p l e s t a k e n o n t h e
s a m e d a y a n d c o u n t e d a s a g r o u p w it h t he l i qu i d s c i n t i ll a t i o n c o u n t e r
A t t h e t o p o f e a c h s a m p l i n g r u n t a b l e i s a s u m m a r y o f t h e c a l i b r a t i o n d a t a t ha t w e r e
a p p l i e d t o t h e
^ ^ ^
R n c a l c u l a t io n s f o r t h e s a m p l i n g r u n T h e s e d a t a i n c l u d e i n f o r m a t i o n a b o u t
t he b a c k g r o u n d v i a l s a n d
^ ^ ^
R a s t a n d a r d s V a lu e s f o r t h e a v e r a g e b a c k g r o u n d c o u n t r a t e
(c p m ) a n d a v e r a g e ( o r a dj u s t e d ) c a l i b r a t io n fa c t o r a r e a l s o l i s t e d
T h e r a w d a t a fo r e a c h w e l l s a m p l e i n c l u d e t h e f o l l o w i n g ( 1 ) m a s s p r i o r t o s a m p l i n g
(p r e - w e ig ht ); (2 ) m a s s a ft e r s a m p l i n g (p o s t - w e ig h t ); (3 ) t h e d a t e a n d t i m e t h e L SC s t a r t e d
a n a ly z i n g t h e fi r st s a m p l e ; (4 ) c o l l e c t i o n d a t e a n d t im e ; (5 ) t o t a l c o u n t i n g t im e (c o u n t t im e );
(6 ) t h e t im e e l a p s e d s i n c e t he fi r s t s a mp l e s t a r t e d c o u n t i n g u n t i l t h e c u r r e n t s a m p l e s t o p p e d
c o u n t i n g (e l a p s e d t im e ); (7 ) g r o s s c o u n t s p e r m i n u t e i n t h e 5 t o 1 8 5 0 k e V w i n d o w (g r o s s
c o u n t s )
P r o c e s s e d d a t a i n t he s e t a b l e s i n c l u d e t h e f o l l o w i n g : ( 1 ) s a mp le m a s s (p o s t - w e i g ht
m i n u s p r e - w e ig h t ); (2 ) t im e b e t w e e n t a k i n g t h e s a m p l e a n d t h e m i d d l e o f t he s a mp l e c o u n t
(e l a p s e d t im e ) ; (3 ) n e t c o u n t s p e r m i n u t e (g r o s s c p m m i n u s a v e r a g e b a c k g r o u n d c pm ); (4 )
d e c a y c o r r e c t io n t o a c c o u n t f o r l o s s o f
^ ^ ^
R n s i n c e s a m p l i n g b y r a d i o a c t i v e d e c a y (h a l f - l if e =
3 82 3 5 d a y s ); ( 5 )
^ ^ ^
R n c o n c e n t r a t i o n i n p C i/ L ; a n d (6 ) t h e 9 5 p e r c e n t c o n fi d e n c e l e v e l o n e -
t a i l c o u n t i n g e r r o r ( i e , 1 6 4 5 o )
T he m e a n ^
^ ^
R n c o n c e n t r a t i o n a n d t h e s t a n d a r d d e v i a t io n fo r t h e s a m p l in g r u n a r e g i v e n i n a
s m a l l b o x a t t h e f a r r i g h t o f t h e t a b l e W h e n a v a il a b l e , t h e w a t e r t e m p e r a t u r e f o r t h e s a m p li n g
r u n i s li s t e d a b o v e t hi s b o x Wh e n a n " R " a p p e a r s a b o v e t h e b o x , i t i n d ic a t e s t h a t t h e pu mp
w a s a l r e a d y r u n n i n g u p o n a r r iv a l a t t h e s it e
7 5
S a m p l e R u n 1
0 ^
C a l i br a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 4
7 14 p C i
9 5 2 p C i
P r c -
W e i g h t






P o s t -
W e i g h t
3 5 8 5
3 6 0 7
3 6 59
3 6 1 5
N / A
N / A
W a t e r







C o u n t T im e
( m l n . )
50 0 0
5 0 0 0
50 0 0
5 0 0 0
1 4 0
1 0 9
L SC T im e







G r o s s
C o u n t
3 0 3 0
3 1 0 6
3 0 5 8
3 2 16
7 18 0 0 0
9 2 6 4 2 2








D e n s it y : 1 0 0 C o u n t S t a r t : 6 / 1 / 9 5 1 : 1 1
Sa m p l e W e i g h t W e i g h t ( g )
2 5 6 5
2 5 6 3
3 7 9 0
3 8 8 6
Sa m p l e
M a s s ( g )
1 1 5 9
12 2 5
13 2 3
C o l l e c t i o n
D a t e
5 / 3 1/ 9 5
5 / 3 1 / 9 5
5/3 1/9 5
C o l l e c t i o n
T im e
(h n m i i i )
9 : 4 7
9 : 4 7
9 : 4 8
C o u n t
T im e
(m l n . )
B a c k g r o u n d C o u n t : 3 1 0 3
C a l i b r a t i o n F a c t o r 7 14 : 10 0 1
C a l i b r a t i o n F a c t o r 9 5 2 : 9 7 0




L s c :
T im e




t il a p s e d
T im e
(m l n )
1 13 3 3
11 3 6 4
1 13 9 3
G r o s s C o u n t
( c p m )
2 9 5 9 17
3 13 4 6 9
3 6 10 4 3
N e t
C o u n t
j £E2 L
2 9 2 8 15
3 10 3 6 7
3 5 7 9 4 1
D e c a y




R a d o n
C o n c e n t r a t i o n




3 1 , 6 8 5
1 6 4 5 CT
4 9 2
4 9 2
4 7 1 6 5 ° F
2 5 6 3 3 8 6 6 13 0 3 5 / 3 1/ 9 5 9 : 4 8 3 0 2 2 2 1 1 14 2 5 3 3 2 2 8 5 3 2 9 1 8 3 1 1 5 5 2 9 , 5 9 9 4 9 1 3 0 . 0 1 1
2 5 7 7 3 9 2 0
2 5 6 0 3 8 1 6
13 4 3
12 5 6
5 / 3 1 / 9 5 9 : 4 9 2 9 3 2 2 5 1 14 5 5 3 4 16 3 8 3 3 8 5 3 6 1 1 5 5 2 9 , 5 4 4 4 9 0
5 / 3 1/ 9 5 10 : 0 2 3 6 2 2 29 1 13 6 2 2 9 0 3 8 7 2 8 7 2 8 5 1 1 54 2 6 , 7 7 7
2 5 5 9 3 8 1 1 12 5 2 5 / 3 1 / 9 5 10 :0 3 3 5 8 2 3 3 1 13 9 2 2 7 9 8 0 4 2 7 6 7 0 2 1 1 54 2 5 , 8 8 3





6 5 = F
2 5 7 5 3 9 5 0 13 7 5 5 / 3 1/ 9 5 10 : 0 4 3 7 2 2 4 1 1 14 6 1 2 6 9 5 1 6 2 6 6 4 14 1 1 5 5 2 2 , 7 1 1 3 7 7 2 3 9 1 7
2 5 6 6 3 7 8 5 12 19 5/ 3 1/ 9 5 10 : 0 4 4 6 1 2 4 6 1 15 0 7 2 17 0 0 6 2 13 9 0 4 1 1 5 6 2 0 , 5 8 0 3 4 3
2 5 9 2 3 8 6 0 12 6 8 5/ 3 1/ 9 5 10 : 3 9 6 2 7 2 5 3 1 12 1 9 15 9 6 6 5 1 56 5 6 3 1 1 5 2 1 4 ,4 2 8 24 2
2 5 7 5 3 8 2 4 12 4 9 5 / 3 1 / 9 5 10 : 3 9 6 2 2 2 5 9 1 12 7 9 16 0 8 8 4 15 7 7 8 2 1 1 5 3 1 4, 7 7 3 2 4 8
2 5 7 0 3 8 13 12 4 3 5 / 3 1/ 9 5 10 : 4 0 6 3 9 2 6 6 1 13 3 1 15 6 5 4 1 15 3 4 3 9 1 1 5 3 1 4, 4 4 7 2 4 2
2 4 8 6
e r v
2 5 7 6 3 7 9 4 12 18 5/ 3 1' 9 5 10 : 4 0 6 5 1 2 7 3 1 14 0 7 15 3 7 6 3 15 0 6 6 1 1 1 5 4 1 4
,
4 8 9 2 4 3 1 4 , 5 4 2
2 5 9 1 3 9 0 2 13 1 1 5/ 3 1/9 5 10 : 4 1 6 0 2 2 7 9 1 14 6 0 16 6 1 1 3 16 3 0 1 1 1 1 5 5 1 4, 5 7 4 2 4 4 14 1
2 5 7 4 3 7 9 7 12 2 3 5 / 3 1/ 9 5 1 1 : 3 6 1 5 0 1 2 9 5 1 10 2 5 6 6 6 2 2 6 3 5 2 0 1 14 9 6 , 0 5 4 10 5
2 5 6 5 3 8 6 0 12 9 5 5 /3 1 / 9 5 1 1 : 3 7 14 4 2 3 1 0 1 1 16 8 6 9 3 7 6 6 6 2 7 4 1 1 5 1 5 , 9 7 6 10 3
2 5 7 5 3 8 16 12 4 1 5/3 1/ 9 5 1 1 : 3 7 1 6 4 2 3 2 7 1 13 2 8 6 0 9 14 5 7 8 12 1 15 3 5
,
4 5 1 9 5 6 5
° F
2 5 7 9 3 8 4 6 12 6 7 5 / 3 1/ 9 5 1 1 : 3 8 14 1 3 3 4 2 1 14 7 9 7 0 8 0 0 6 7 6 9 8 1 1 5 5 6
,
2 6 4 10 8 5 9 3 7
2 5 6 7 3 7 9 0 12 2 3 5 / 3 1 / 9 5 1 1 : 3 8 1 5 40 3 5 7 1 16 2 3 6 4 9 4 8 6 1 8 4 6 1 1 5 8 5 , 9 3 9 10 3 2 9 9






S a m p l e
P r e -
W e i g h t
2 5 7 0
2 5 5 9
2 5 5 7
2 5 5 6
P o s t -
We i g h t ( g)
3 7 6 5
3 8 6 0
3 9 10
3 8 6 5
We i g h t
D i f fe r e n c e




C o ll e c t i o n
D a t e
5m 79 r
5 ' 3 1/ 9 5
5 . ' 3 1/ 9 5
5 / 3 1 /9 5
C o l l e c t i o n
T im e
( h r : m in ;
13 : 5 7
13 : 5 8
1 3 : 5 8
13 : 5 9
C o u n t
T im e
( m i n )
4 1 0 8
5 0 0 0
50 0 0
5 0 0 0
L SC
T im e





E l a p s e d
T im e
1 0 5 2 5
10 9 9 0
1 15 0 0
1 2 0 0 0
G r o s s C o u n t
(c p m )
2 4 3 5 5
19 8 14
19 5 9 0
17 8 5 4
N e t
C o u n t
( c p m )
2 12 53
16 7 12
16 4 8 8
14 7 5 2
D e c a y
O r r e c t l o n




R a d o n
C o n c e n t r a t i o n
( P C I / I )















5 a 2 5 6 5 3 8 8 6 13 2 1
2 5 6 9 3 8 2 7 12 5 8
5 /3 1 '9 5
5 / 3 1 '9 5
13 : 5 9
13 : 5 4
5 0 0 0
4 1 6 5
6 0 5
6 4 7
1 2 5 2 0
1 3 0 3 2
18 3 7 8
2 4 0 14
15 2 7 6 1 17 1







2 5 8 0 3 8 7 1 12 9 1 5 / 3 1 '9 5 13 : 5 5 3 7 9 1 6 8 6 13 4 3 0 2 6 3 7 8 23 2 76 1 18 4 2 , 16 6





2 5 6 9 3 7 7 5 12 0 6 5 /3 1/ 9 5 1 3 : 5 6 3 8 3 2 7 6 3 14 18 8 2 6 1 0 6 2 3 0 0 4 1 19 6 2 , 3 14 4 4 2 , 19 9
2 5 6 9
2 5 6 3
3 8 2 4
3 7 6 7
12 5 5
12 0 4
5 /3 1 /9 5
5 / 3 1/ 9 5
13 : 5 6
14 : 4 6
3 8 9 6 8 0 3 14 5 8 5 2 5 6 7 5 2 2 5 7 3 1 2 0 2





2 5 :7 0 3 7 0 9 11 3 9 5 /3 1/9 5 14 :4 6 5 0 0 0 9 0 4 1 5 0 4 0 4 8 7 4 1 7 7 2 1 2 0 8 19 1





6 3 ° F




2 5 7 6
3 8 7 9 12 9 3 5 / 3 1 /9 5
3 7 6 1 1 1 8 5 5 '3 1/ 9 5
14 : 4 7
1 5 : 1 3
5 0 0 0
5 0 0 0
10 5 7
1 10 8
16 5 6 0
16 8 1 0
5 1 7 6
8 2 4 2
2 0 7 4
5 1 4 0
1 2 3 2 20 0
1 23 6 5 44
2 5 8 2 3 8 2 6 12 4 4 5 / 3 1/ 9 5 15 : 1 3 5 0 0 0 1 15 8 1 7 3 1 0 8 5 4 2 5 4 4 0 1 2 4 3 55 2






2 5 8 4 3 9 0 8 13 2 4 5 /3 1/ 9 5 1 5 : 1 4 5 0 0 0 12 6 0 1 8 3 2 0 9 1 4 6 6 0 4 4 1 2 59 58 3 2 2 5 6 0
8 a
8 a
2 5 7 6 3 8 5 9
2 5 6 5 3 6 5 2
12 8 3
10 8 7
5 /3 1/ 9 5
6 / 1/9 5
1 5 : 1 4
14 : 5 3
5 0 0 0
2 7 3 3
13 1 1
13 3 9
18 8 3 0
5 0 3 3
8 4 9 8 5 3 9 6 1 2 6 8





2 5 9 3 3 7 6 1 1 1 6 8 6 / 1
'
9 5 1 4 : 5 4 2 5 4 7 13 6 5 5 2 9 3 3 9 2 6 6 3 6 1 6 4 1 0 6 9 3 3 5 8
2 5 8 5 3 7 2 4 1 1 3 9 6 / 1













2 5 8 2 3 7 1 5 1 1 3 3 6 / l ,
' 9 5
2 5 8 6 3 8 6 8 1 2 8 2 5 / 3 1/ 9 5
1 4 : 5 5
16 : 1 9
2 5 2 4 14 4 4 6 0 7 4 3 9 6 2 0 3 6 5 18 1 0 7 9





2 5 7 6 3 9 2 5 13 4 9 5 /3 1/ 9 5 16 : 1 9 3 1 12 15 0 8 2 0 2 4 4 3 2 1 34 2 9 0 3 2 1 2 9 0 2 , 8 1 7








6 2 ° F
1 0 2 5 7 0 3 7 6 6 1 1 9 6 5 / 3 1/ 9 5 16 : 2 0 3 6 3 5 15 8 1 2 0 9 3 8 2 7 5 2 7 2 4 4 2 5 1 3 0 2 2. 6 9 7 5 0 2
,
8 0 1
10 2 5 6 5 3 8 0 8 1 2 4 3 5 /3 1/9 5 16 :2 0 3 4 10 16 16 2 13 0 0 2 9 3 4 3 2 6 2 4 1 1 3 0 8 2
,
80 1 5 2 6 2
S a m pl e R u n 2 a
C a l i b r a t i o n D a t a
P r e
We i g h t
P o s t
W e ig h t
G r o s s
C o u n t
W a t e r
M a s s
C o u n t
T i m e
[ . S C T im e
S a m p l e A c t iv it y
B a n k 25 7 6 50 0 01 0 0 9
B l a n k 2 2 6 0 3 3 6 0 7 5 0 0 0 3 2 4 2
B l a n k 3 2 6 0 5 36 5 9 10 5 4 5 0 0 0 3 2 0 6
B a n k 4 10 12
7 1 4 p C i 7 1 7 8 0 0
9 5 9 1 4 3
D e n s i t y : 1 0 0 C o u n t S t a r t : 6 / 15 /9 5 9 : 4 9
B a c k gr o u n d C o u n t : 3 1 5 0
C a l i b r a t i o n F a c t o r 7 1 4 : 10 0 1
C a l i b r a t i o n F a c t o r 9 5 2 : 10 0 4
A v g C a l i b r a t i o n F a c t o i 10 0 3
0 0
l < a d o n
C o n c e n t r a t i o n
P r e
W e i g h t
C o l l e c t i o n
T i m e
( h r : m i n




P o s t
W e i g h t ( g )
34 7 5
Sa m p l e
M a s s (g )
C o l l e c t i o n D e c a y
C o r r e c t i o n
T i m e C o u n t 1. 64 5 aS a m p l e ( o u n t
2 5 58 5 76 / 14/ 9 5 2 5 2 7 0 8 1 0 2 9 0 2 8 . 0 7 1
6 / 14/ 9 5 2 30 3 6 8 2 2 7 2 19 2 9 , 7 432 5 6 2 33 4 7
2 8 56 7 02 5 56 6 / 14/ 9 5 23 9 8 2 8 2 5 2 1 0 3 0 6 25 . 8 63
26 . 3 8 46 ' 14/ 9 5 2 5 3 8 3 2 2 50 6 8 3 0 3 1 24 ^ 99
6 14/ 9 5 2 4 8 0
2 4 8 1
2 56 2 9 2 25 3 1 4 3
26 3 4 2 0
0 3 7 23 , 9 43
2 5 70 6/ 1 4 / 9 5 2 6 6 5 6 9 0 3 7 23
. 9 9 03 7 0 0
6 14/ 9 5
6 / 14/ 9 5
7 54 1
1 6 59 1
2 34 6 3 7
1 0 1 4 8 9
2 3 4 88 1 09 9 6
1 2 3 239 8 3 40 13 ,0 533 4 9 4
2 5 6 6 6 / 14/ 9 5 0 :0 8 6 80 4 9 3 4 0 8 9 0 2 5 9 1 2 3 56 12 , 4 29
6 / 14 ' 9 5 10 9 1 9 2 10 6 0 4 33 5 4 2 0 : 0 9 1 6 8 8 6 1 2 3 6 9 1 3 . 50 1
1 15 0 1 1 1 11 8 6 22 5 7 2 3 6 4 3 6 / 1 4 / 9 5 1 0 : 0 9 6 9 7 4 2 3 8 2
170 7 6
16 5 8 6
10 7 8 %
5 3 4 4 7
10 4 7 4 73 5 4 6
34 6 3
6 / 1 4 / 9 5
6 / 14/ 9 5
10 :0 9
11 : 0 3
1 2 3 9 8
1 2 3 2 25 0 2 9 8 6 , 87 6
6/ 14 / 9 5 6 1 7 1 5 5 8 5 66 1 2 3 7 63 5 9 8 1 6 9 3 1
6 4 7 7 72 5 8 2 36 5 3 6/ 1 4 / 9 5 7 0 8 7 6 16 2 8 2 4 0 0





6 / 14 / 9 5
6 / 14/ 9 5
11 : 0 4
13 : 0 7
17 4 2 7
16 3 8 0
6 4 9 5 5
10 4 2
6 18 0 6
7 2 7 1
1 2 4 5 3
1 2 2 9 0
?3 7 7 6/ 1 4 / 9 5 3 : 0 7 7 39 0 1 0 6 2 4 7 4 7 5 2 4 4 7
6 / 14 / 9 5 10 7 7 81 3 : 0 7 1 7 9 0 0 2 5 2 8 1 . 04 8
6 / 1 4 / 9 5 1 3 : 0 8 1 8 3 9 0 1 0 6 1 8 7 4 6 9 1 2 6 0 5
2 5 6 6
2 5 7 3
3 4 6 6
34 3 4
6 / 1 4 / 9 5
6/ 14 / 9 5
1 3 : 0 8
13 : 0 9
1 8 9 0 0 1 0 4 6 8 7 3 1 9
6 7 6 1
1 2 6 8 6
I n s i d e 19 40 0
S a m p le R u n 2 b
- J
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k !
B l a n k 3
B l a n k 4
7 1 4 pC i
9 5 2 pC i
P r e -
W e i g h t
2 5 7 6
26 0 3
2 6 0 5
2 6 0 3
N / A
N / A
Po s t -
W e i g h t
3 5 8 5
3 6 0 7
3 6 59
3 6 1 5
N ' A
N / A
Wa t e r







C o u n t T im e
( m i n . )
5 0 0 0
50 0 0
50 0 0
5 0 0 0
1 3 7
1 0 4
L SC T im e







G r o s s
C o m i t ( c p n i )
3 1 3 2
3 1 2 6
3 3 8 6
3 1 9 8
7 3 0 3 6 5
9 6 3 7 5 0







B a c k g r o u n d C o u n t : 3 2 1 1
C a l i br a t i o n F a c t o r 7 1 4 10 18
C a l i b r a t i o n F a c t o r 9 5 2 10 0 9
A v g C F : 10 14
D e n s i t y : 1 0 0 C o u n t S t a rt : 6 / 12 /9 5 1 8 : 5 6
Sa m p l e
P r e -
W e i gl i t
M
2 5 6 9
2 5 7 0
2 5 6 9
Po s t -
W e i g h t ( g )
3 4 0 5
3 3 80
3 5 0 3
Sa m p l e




C o l l e c t i o n
D a t e
6 / 1 2 ' 9 5
6 / 1 2 /9 5
6 / 1 2 ' 9 5
C o l l e c t i o n
T i m e
( h r : m i n )
1 3 : 4 7
1 3 : 4 7
1 3 : 4 8
C o i m t
T im e
50 0 0
5 0 0 0
4 9 9 5
L S C
T im e




^ . l a p s e d G r o s s N e t
C o m i tT im e C o m i t
1 0 5 0 0
U O l O
1 15 0 0
1 8 8 4 8
1 7 4 5 2
2 0 0 2 6
1 56 3 8
14 2 4 2
16 8 1 6
D e c a y
C o r r e c t i o n
1 1 4 1 3
1 1 4 8 7
1 1 5 5 8
R a d o n
C o n c e n t r a t i o n




2 , 0 5 3




2 5 7 8 3 6 6 1 10 83 6 / 12 9 5 1 3 : 4 8 4 3 0 8 9 1 1 1 19 7 5 2 3 2 3 1 2 0 0 2 1 1 1 6 2 7 2 , 1 2 0 4 1 2 . 0 7 3
2 5 7 5 3 7 4 0 1 1 6 5
2 5 7 1 3 7 2 2 1 1 5 1
6 / 1 2 9 5
6 / 1 2 ' 9 5
1 3 : 4 9
1 3 : 50
4 1 0 5
4 4 4 7
9 5 3
9 9 9
12 3 9 5
1 2 8 2 8
2 4 3 6 1 2 1 1 5 1 1 16 89 2 , 0 9 3 4 0 5 2
2 2 4 9 2 19 2 8 2 1 1 7 5 3 1 , 9 4 2 3 8
2 5 6 7 3 7 2 5 1 1 5 8 6 / 1 2 / 9 5 1 3 : 5 1 4 5 19 1 0 4 5 13 2 7 4 2 2 1 3 5 18 9 2 5 1 1 8 19 1, 9 0 5 3 7
2 5 6 9 3 6 4 5 10 7 6 6 / 1 2 /9 5 1 3 : 5 1 4 9 0 6 1 0 9 6 13 7 6 5 2 0 3 8 5 1 7 1 7 5 1 1 8 9 2 1
,
8 7 2 3 7
2 5 7 3 3 5 73 10 0 0 6 / 12 / 9 5 1 3 : 52 50 0 0 1 14 7 14 2 6 0 18 6 16 1 5 4 0 6 1 19 6 6 1, 8 19 3 8 1 8 4 3
2 5 6 8 3 6 4 9
2 5 6 7 3 5 4 8
10 8 1
9 8 1
6 / 1 2 ' 9 5 1 3 : 5 2 50 0 0 1 19 9 14 7 8 0 1 8 4 5 4
6 / 1 2 / 9 5 1 5 :3 2 50 0 0 2 5 7 4 3 6 0 4 8 2 2
1 5 2 4 4
1 6 1 2
1 2 0 4 5 1, 6 7 6 3 5 10 4
1 0 5 6 4 1 7 1 19
2 5 7 5 3 5 9 3 10 1 8 6 / 1 2/ 9 5 1 5 : 3 2 50 0 0 30 8 4 8 7 0 4 8 2 8 1 6 1 8 1 0 6 3 2 1 6 7 18
2 5 7 4 3 4 6 3 8 89 6 / 12 /9 5 1 5 :3 2 50 0 0 3 5 9 53 8 0 4 3 7 4 1 1 6 4 1 0 7 0 1 1 3 8 2 0
2 5 6 9 3 4 59 ! 9 0 6 / 12 /9 5 1 5 : 3 3 50 0 0 4 10 58 8 0 4 9 3 0 17 2 0 1 0 7 6 8 2 0 5 2 1
2 5 7 5 3 5 3 9 9 6 4 6 / 12 / 9 5 1 5 :3 3 50 0 0 4 6 1 6 3 9 0 4 6 2 2 14 12 1 0 8 3 8 1 5 7 19 2 5
2 0 3 3 3 5 79 15 4 6 6 / 1 2 ' 9 5 1 5 : 3 3 50 0 0 5 1 1 6 8 9 0 4 9 0 0 1 6 9 0 1 0 9 0 6 1 18 12
2 1 14 3 5 7 9 14 6 5 6 / 1 2 / 9 5 1 5 : 3 4 50 0 0 56 3 7 4 0 0 4 9 2 8 1 7 1 8 1 0 9 7 6 1 2 7 13
2 2 13 3 5 2 2 13 0 9 6 / 1 2 / 9 5 15 :3 4 50 0 0 6 13 79 0 0 4 9 9 8 17 8 8 1 10 4 6 1 4 9 1 5
10
2 2 7 7
2 3 7 0
3 4 7 5
3 5 4 3
1 1 9 8
1 1 7 3
6 / 1 2
'
9 5
6 / 1 2 /9 5






8 4 1 0
89 1 0
4 8 9 0
4 8 0 4
16 8 0
15 9 4
1 1 1 17







S a m p l e R u n 2 b
W e U Sa m p l e
P r e -
W e l g h t
( g )
2 5 6 1
2 5 7 0
2 5 6 2
Po s t -
W e i g h t ( g )
3 5 2 6
3 6 3 3
3 5 8 2
S a m p l e




C o l l e c t i o n
D a t e
6 / 12 / 9 5
6 / 12 9 5
6 / 12 /9 5
C o l l e c t i o n
T im e
(h r : m i n )
14 : 5 3
14 : 5 3
14 : 5 3
C o m i t
T im e
(m i n . )
5 0 0 0
5 0 0 0
5 0 0 0
L SC
T im e




E l a p s e d
T im e
( m i n . )
14 6 7 0
15 18 0
15 6 9 0
G r o s s
C o u n t
( c p m )
7 1 2 6
7 5 4 0
7 4 9 6
N e t
C o u n t
3 9 1 6
4 3 3 0
4 2 8 6
D e c a y
C o r r e c t i o n
1 2 0 2 8
1 2 1 0 6
1 2 1 8 4
R a d o n
C o n c e n t r a t i o n








2 5 6 1 3 5 3 3 9 7 2 6 / 1 2/ 9 5 14 : 5 4 50 0 0 14 0 2 16 19 0 6 9 4 0 3 7 3 0 1 2 2 6 1 4 6 4 2 5 4 7 8
8 a
2 5 8 2 3 6 4 2 10 6 0 6 / 12 . ' 9 5 14 : 5 4 5 0 0 0 14 53 16 7 0 0 7 1 6 4 3 9 5 4 1 23 4 0 4 5 4
2 5 6 2 3 5 5 3 9 9 1 6 / 12 / 9 5 16 : 0 0 3 5 4 1 14 89 16 4 7 3 2 8 2 4 1 2 5 0 3 1 1 2 3 0 5 3 , 0 6 6
2 5 5 9 3 5 18 9 59 6 / 12 9 5 16 : 0 0 3 5 0 1 1 5 24 16 8 2 5 2 8 5 6 9 2 5 3 5 9 1 2 3 5 9 3 ^12 4






8 a 2 5 6 7 36 0 1 10 3 4 6 / 12 /9 5 16 :0 1 3 2 5 9 15 9 1 17 4 9 7 3 0 6 8 7 2 7 4 7 7 1 2 4 6 4 3
,





2 5 7 2 3 4 9 7
2 5 5 7 3 6 3 8
9 2 5
10 8 1




' 9 5 16 : 2 5 3 9 2 5 16 6 6 17 9 7 4 2 5 4 8 3 2 2 2 7 3 1 2 5 3 9 2 , 5 4 9
2 5 5 6 3 6 0 0 10 4 4 6 / 12 : '9 5 16 : 2 6 3 9 4 8 17 0 6 18 3 6 3 2 5 3 3 2 2 2 1 2 2 1 2 6 0 1 2 , 6 3 4






10 2 5 7 7 3 5 4 8 9 7 1 6 / 12 /9 5 16 : 2 7 4 0 8 1 17 8 5 19 13 6 2 4 5 0 4 2 12 9 4 1 2 7 2 4 2
,






2 5 7 1 3 5 7 4 10 0 3 6 / 12 '9 5
2 5 3 8 34 9 0 9 5 2 6 / 12 / 9 5
16 : 2 7
14 :3 3
4 2 2 1 1 8 2 8 19 5 5 9 2 3 6 9 1 2 0 4 8 1 1 2 7 9 2 2 , 5 7 7
5 0 0 0 18 79 2 1 1 7 0 5 7 4 2 2 5 3 2 1 3 0 5 4 3 4 2
2 5 5 2 3 5 8 3 10 3 ! 6 / 12 /9 5 14 : 3 3 5 0 0 0 19 2 9 2 16 7 0 6 1 7 0 2 9 6 0 1 3 13 7 3 7 2









2 5 6 9
3 5 5 5
3 7 4 7
9 9 9
1 1 7 8
6 / 12 '9 5
6 / 12 /9 5
14 : 3 4
14 : 3 5
5 0 0 0
50 0 0
2 0 3 1
2 0 8 2
2 2 6 8 0
2 3 1 8 0
6 0 2 2
6 3 10
2 8 12
3 1 0 0
1 3 3 0 5







S a m p l e R u n 3
C a li br a t i o n D a t a
Sa m p le
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 4
7 1 4 p C i
9 5 2 p C i
P r e -
W' e l g h t
2 5 7 6
26 0 3
2 6 0 5
2 6 0 3
N / A
N / A
P o s t -
We i g h t (g )
3 5 8 5
3 6 0 7
3 6 5 9
3 6 1 5
N ! \
W A
W a t e r
M a j i s (g )
1 0 0 9
10 0 4




C o u n t
T i m e
( m i n )
5 0 0 0
J 0 0 0 _
5 0 0 0
5 0 0 0
1 3 7
1 0 7
L S C T i m e







G r o s s
C o u n t
(c p m )
2 9 8 8
3 1 0 0
3 2 4 6
3 1 9 4
7 3 4 2 3 4
9 4 4 1 1 2







B a c kg r o u n d C o u n t : 3 1 3 2
C a li br a t io n F a c t o r 7 1 4 : 1 0 2 4
C a li br a t i o n F a c t o r 9 5 2 : 9 8 8
A v g C F : 1
0 0 6
D e n s it y : 1 0 0 C o u n t S t a r t : 6 / 2 6 / 9 5 1 9 :4 2
W e l l S a m p l e
P r e - W e ig h t
(g )
2 5 54
2 5 4 8
2 5 4 9
P o s t -
W e i g ht ( g )
3 4 9 2
3 5 6 8
3 5 2 4
Sa m p l e




C o l le c t i o n
D a t e
6 / 2 6 /9 5
6 / 2 6 / 9 5
6 / 2 6 / 9 5
C o ll e c t i o n
T i m e
( li r : m i n )
13 :4 1
13 : 4 9
1 3 : 4 9
C o u n t
T i m e
(m i n )
5 0 0 0
5 0 0 0
5 0 0 0
L S C
T i m e




E la p se d
T i m e ( m i n )
5 9 3 0
6 3 6 0
6 8 6 0
G r o s s
C o u n t
( c p m )
4 5 9 0
5 0 2 0
4 7 3 4
N e t C o u n t
(c pm )
1 4 5 8
1 8 8 8
1 6 0 2
D e c a y
C o r r e c t i o n
1 0 7 7 5
1 0 8 3 4
1 0 9 0 2
R a d o n
C o n c e n t r a t i o n









2 5 4 3 3 5 7 1 10 2 8 6 / 2 6 /9 5 1 3 : 5 0 50 0 0 4 0 9 7 3 6 0 4 7 0 2 1 5 7 0 1 0 9 7 1 16 7 1 7 7
2 5 5 3 3 7 3 8 1 1 8 5 6 / 26 /9 5 1 3 :5 0 50 0 0 4 6 0 7 8 7 0 4 9 9 2 ! 6 0 1 1 0 4 2 17 2 1 6 1 4
1 1 a 2 5 3 8 3 5 3 2 9 9 4 6 / 2 6 /9 5 14 : 0 8 5 0 0 0 5 U 8 2 0 0 6 3 9 0 3 2 5 8 1 10 8 7 3 6 1 3 7 1




2 5 5 0 3 3 6 5 8 1 5 6 / 2 6 / 9 5 1 6 :3 0 5 0 0 0 6 6 3 8 3 0 0 6 0 2 2 2 8 9 0 1 1 10 1 3 9 1 26
2 5 4 3 3 5 4 3 1 0 0 0 6 / 2 6 /9 5 1 6 : 3 1 5 0 0 0 7 1 4 8 8 0 0 6 8 9 8 3 7 6 6 1 1 17 2 4 1 8 2 3
2 5 4 9 3 5 9 1 1 0 4 2 6 / 2 6 / 9 5 1 6 :3 1 5 0 0 0 7 6 5 9 3 1 0 6 6 9 6 3 5 6 4 1 1 2 4 4 3 8 2 2 2
U a 2 5 5 2 3 5 3 4 9 8 2 6 / 2 6 / 9 5 1 6 : 3 1 5 0 0 0 8 1 6 9 8 2 0 6 3 7 6 3 2 4 4 1 1 3 16 3 7 2 2 3 3 87
U a 2 5 5 5 3 6 9 0 1 1 3 5 6 / 2 6
'
9 5 16 :3 2 5 0 0 0 8 6 7 10 3 2 0 6 8 5 6 3 7 2 4 1 1 3 8 7 3 7 1 2 0 1 9
2 5 5 5 3 4 4 0 8 8 5 6 / 2 6 / 9 5 1 4 :3 0 5 0 0 0 9 1 7 1 2 0 4 0 6 9 4 2 3 8 1 0 1 1 6 3 7 4 9 8 2 7
2 5 4 9 3 3 7 7 8 2 8 6 / 2 6 / 9 5 1 4 :3 0 50 0 0 9 6 8 1 2 5 5 0 6 6 5 2 3 5 2 0 1 1 7 12 4 9 5 2 8
2 5 4 2 3 4 8 1 9 3 9 6 / 26 / 9 5 14 :3 1 5 0 0 0 10 19 1 3 0 5 0 7 7 9 8 4 6 6 6 1 1 7 8 6 5 8 2 2 7
2 5 5 0 3 6 0 2 1 0 5 2 6 / 2 6 /9 5 1 4 : 3 1 5 0 0 0 1 0 7 0 13 5 6 0 7 8 9 0 4 7 5 8 1 1 8 6 1 5 3 3 2 4 5 25




2 5 7 5 3 3 0 7 7 3 2 6 / 2 6 / 9 5 1 5 :2 3 5 0 0 0 1 1 7 2 1 4 0 6 0 9 6 5 2 6 5 2 0 1 1 9 5 6 1
,
0 5 7 3 9
2 5 5 5 3 4 0 6 8 5 1 6 / 2 6 ' 9 5 1 5 :2 3 5 0 0 0 1 2 2 2 1 4 5 6 0 1 1 1 3 6 8 0 0 4 1 20 1 2 1
,
1 2 3 3 6
2 5 6 4 3 4 0 8 8 4 4 6 / 2 6 / 9 5 1 5 :2 3 5 0 0 0 1 2 7 3 1 5 0 7 0 1 0 1 9 4 7 0 6 2 1 2 0 8 9 1 , 0 0 5 3 5
1 2 2 5 6 1 3 3 3 8 7 7 7 6 / 2 6 /9 5 1 5 :2 4 5 0 0 0 13 2 4 1 5 5 7 0 9 8 2 0 6 6 8 8 1 2 1 6 5 1
,
0 4 1 1 0 5 8
1 2
1 2 T a p
2 5 5 5
2 5 6 8
3 3 7 2
3 6 2 0
8 1 7
1 0 5 2
6 / 2 6 / 9 5
6 / 2 6 / 9 5
1 5 :2 4
1 6 :0 5
5 0 0 0
4 0 0 8
1 3 7 5
14 3 9
1 6 0 8 0
1 6 3 6 0
1 0 2 6 6
2 4 9 5 5
7 1 3 4
2 1 8 2 3
1 2 2 4 4
1 2 2 8 7







Sa m p l e R u n 3
W e t :
Co u n t S ta r t :
S & Sa
6 . ' 2 7' 9 5 2 0 : 53 6 / 2 8/ 9 5 5: 5 5
1 & 2
6 ' 2 8 / 9 5 8 :4 6 6 /2 8/ 9 5 9 :4 2
1 0
6 ' W / 9 5 1 2 : 4 5
W e l l
5 a
S a m p le
P r e - W e lg h t
(8 )
2 5 3 9
2 5 50
2 5 54
P o s t -
W e i g ht (g )
3 6 1 1
3 3 9 6
3 6 85
S a m p le
W e i g h t
1 0 7 2
8 4 6
11 3 1
C o l le c t i o n
D a t e
6 / 2 6 / 9 5
6 / 2 6 / 9 5
6 / 26 / 9 5
C o l l e c t i o n
T im e
(h r m i n )
1 2 : 5 7
1 2 : 5 7
1 2 : 5 8
C o u n t
T im e
( m in )
4 8 4 4
50 0 0
4 7 86
L s c ;
T i m e




E l a p s e d
T i m e (m i n )
1 9 4 4 8
1 9 9 5 0
20 4 3 1
C f r o s s
C o u n t
( c p m )
20 6 4 6
1 6 7 6 6
2 0 8 9 6
N e t C o u n t
(c p m )
1 7 5 1 4
1 3 6 3 4
1 7 7 6 4
D e c a y
C o i r e c t lo n
1 2 7 7 4
1 28 5 5
1 29 3 3
R a d o n












2 5 54 3 5 5 7 1 0 0 3 6 26 / 9 5 1 2: 5 8 5 0 0 0 2 0 3 2 0 9 3 0 1 9 2 6 0 1 6 1 2 8 I 3 0 1 5 2
,
0 8 0 4 2 2 . 0 4 8
2 5 7 1 3 5 7 4 10 0 3 6 ' 2 6 9 5 1 2: 5 8 50 0 0 2 5 4 2 14 4 0 1 8 6 1 8 1 5 4 8 6 1 3 0 9 9 2, 0 10 4 2 3 2
2 5 52 3 4 7 3 9 2 1 6 / 2 6 / 9 5 1 2: 5 9 5 0 0 0 3 0 5 2 1 9 4 0 16 9 64 1 3 8 3 2 1 3 1 8 1 1
,
9 6 7
2 5 4 9 3 4 23 8 74 6 / 2 6 / 9 5 1 2: 59 5 0 0 0 3 5 6 22 4 5 0 15 5 18 1 23 8 6 1 3 2 66 1
,
8 6 8




2 5 4 9 3 4 6 5 9 1 6 6 / 2 6 . 9 5 1 3 : 0 0 5 0 0 0 4 5 8 2 3 4 6 0 1 5 0 1 4 11 8 8 2 1 3 4 3 6 1 , 7 3 2 4 3 1. 7 9 8
2 5 5 5 3 5 1 4 9 5 9 6 / 26 9 5 1 3 : 0 0 5 0 0 0 5 1 0 2 .3 9 8 0 1 5 1 0 4 1 1 9 7 2 1 3 52 4 1
,




2 5 5 1 3 5 4 8 9 9 7 6 / 26 ' 9 5 1 5 : 3 8 3 3 2 7 6 8 2 3 4 8 4 3 0 0 6 3 2 6 9 3 1 1 3 4 4 0 3
,
6 0 8
2 5 5 6 3 6 55 1 0 9 9 6 / 26 / 9 5 1 5 : 3 8 30 6 4 1 0 0 2 3 8 1 7 32 6 4 7 2 9 5 1 5 1 3 4 9 6 3 . 6 0 2




8 a 2 5 4 6 3 5 5 1 10 0 5 6/ 26 ' 9 5 1 5: 39 33 1 0 1 6 8 2 4 4 7 5 30 2 15 2 7 0 8 3 1 36 0 9 3
,
6 4 5 6 7 3 6 0 8
8 a 2 5 50 3 6 0 6 10 5 6 6 ' 2 6 / 9 5 1 5: 36 3 1 8 7 2 0 0 24 8 3 1 3 1 3 7 7 2 8 2 4 5 1 3 6 7 0 3 , 6 3 4 6 7 3 6
2 5 4 9 3 4 6 8 9 1 9 6 / 2 6 ' 9 5 1 5 : 0 9 5 0 0 0 5 0 56 4 1 0 15 3 9 0 12 2 5 8 2 0 3 4 3 2 , 6 9 7
2 5 5 3 3 5 58 1 0 0 5 6 / 2 6 / 9 5 1 5 : 0 9 5 0 0 0 1 0 1 56 9 2 0 16 3 7 4 1 3 2 4 2 2 0 4 7 4 2 , 6 8 1






2 5 3 3 3 6 54 1 1 2 1 6 / 2 6 / 9 5 1 5 : 1 0 50 0 0 20 3 5 7 9 3 0 1 8 5 .3 0 15 3 9 8 2 0 73 6 2
,
8 3 1 5 9 2 , 7 1 3
2 5 5 2 3 5 8 5 1 0 3 3 6 / 26 / 9 5 1 5 : 1 1 5 0 0 0 2 54 5 8 4 3 0 16 4 8 2 1 3 3 5 0 2 0 8 6 7 2
,
6 8 0 6 1 6 6
2 5 5 3 3 4 6 6 9 1 3 6 / 2 6 / 9 5 1 0 : 5 9 4 2 5 2 7 4 8 9 23 59 5 3 2 3 2 8 2 1 1 4 13 5 3 5
,
8 23
2 5 4 6 3 4 2 4 8 7 8 6 / 2 6 / 9 5 1 0 : 5 9 4 3 8 2 7 53 8 2 2 8 8 5 8 2 2 5 7 2 6 I 4 1 4 4 3 6
.
1 3 9






2 5 5 7 3 5 66 10 0 9 6 ' 2 6 ' 9 5 1 1 : 0 0 3 7 6 27 6 2 1 26 6 3 0 3 2 6 3 1 7 1 1 4 1 59 3 6
,
7 0 2 6 1 1 3 6 3 7 4
2 5 4 8 3 6 3 7 1 0 8 9 6 / 2 6 / 9 5 1 1: 0 0 3 5 4 2 2 27 6 6 2 2 8 2 7 9 7 2 7 9 6 6 5 1 4 1 6 6 3 6
,
1 5 5 6 0 1 4 9 3
2 5 4 2 3 5 3 3 9 9 1 6 / 2 6 / 9 5 1 1 : 12 4 9 9 2 7 2 7 5 8 5 2 0 0 7 6 2 1 9 7 6 3 0 1 4 1 52 2 8
,
0 4 9
2 5 4 9 3 5 6 2 1 0 1 3 6 / 2 6 / 9 5 1 1 : 1 2 4 9 0 3 2 27 6 3 6 2 0 4 4 2 9 20 1 2 9 7 1 4 16 1 2 7
,
9 6 7
2 5 5 1 3 5 17 9 6 6 6 / 2 6 9 5 1 1 : 1 2 5 4 7 3 8 27 6 9 3 1 82 8 3 4 1 7 9 7 0 2 1 4 1 7 1 2 6
.
2 0 0






4 3 6 2 6 8 6 1
2 5 5 6 3 4 6 4 9 0 8 6/ 26 / 9 5 1 1 : 13 5 8 6 50 2 7 8 0 1 1 70 6 4 8 1 6 7 5 16 1 4 19 1 26 , 0 1 9 4 36 1 0 4 9
2 5 5 9 3 6 2 9 10 7 0 6 26 / 9 5 1 1 :4 1 9 1 6 2 7 6 5 4 1 0 9 2 2 5 1 0 6 0 9 3 1 4 1 6 4 13 , 9 5 8
2 5 4 9 3 5 4 8 9 9 9 6 / 2 6 / 9 5 1 1 :4 1 9 5 9 1 9 2 7 7 5 2 1 0 4 3 4 8 1 0 1 2 16 1 4 1 8 2 14
,
2 8 0
2 5 4 4
2 5 6 2
2 5 6 3
3 5 7 4
3 5 4 6
3 5 0 7
1 0 3 0
9 8 4
9 4 4
6 ; 2 6 / 9 5
6 / 2 6 / 9 5
6 / 2 6 ' 9 5
1 1 :4 1
1 1 : 4 2







2 7 8 5 2
2 7 9 4 1
28 0 5 0
1 0 4 9 6 3
10 2 4 9 0
10 0 3 2 1
1 0 1 8 3 1
9 9 3 5 8
9 7 1 8 9
1 4 2 0 0
1 4 2 1 6

















S a m p le R u n ^ a
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
7 14 p C i





P r e -
W e i g h t
M
2 5 7 6
N / A
N /A
P o s t -
We i g h t
3 5 8 5
N /A
N /A
W a t e r




C o u n t T i m e









G r o s s
C o u n t
( c p m )
3 1 7 2
7 2 5 2 1 7
9 1 8 2 5 7




B a c k g r o u n d C o u n t : 3 1 7 2
C a l i b r a t io n F a c t o r 7 14 : 10 1 1
C a l i b r a t io n F a c t o r 9 5 2 : 9 6 1
A v g C F : 9 8 6
D e n s i t y : 1 0 0 C o u n t S t a rt : 7 / 7 / 9 5 6 : 1 1
Sa m p l e
P r e -
W e i g l i t
2 5 5 2
2 5 5 4
2 5 5 3
Po s t -
W e i gl i t ( g )
3 4 6 7
3 4 9 7
3 5 0 4
Sa m p l e




C o l l e c t i o n
D a t e
7/ 6 / 9 5
7/ 6 / 9 5
7 / 6 /9 5
C o l l e c t i o n
T im e
(l i r : m l n )
17 : 5 6
1 7 : 5 6
17 : 5 6
C o u n t
T im e
50 0 0








E l a p se d
T im e
(m i n . )
8 1 5 0
86 6 0
9 1 7 0
G r o s s
C o u n t
i ££ <SL
1 16 6 6
1 17 6 2
1 15 0 0
N e t C o u n t
( c p m )
8 4 9 4
8 5 9 0
8 3 2 8
D e c a y
C o r r e c t i o n
1 1 0 8 1
1 1 15 2
1 12 2 4
R a d o n
C o n c e n t r a t i o n








1 6 4 5 o
3 5
3 4
3 4 e r v
12 2 5 4 5 3 5 3 7 9 9 2 7 / 6 / 9 5 1 7 : 5 7 50 0 0 2 5 8 9 6 7 0 1 16 0 6 8 4 3 4 1 12 9 5 9 74 3 3





T a p 2 5 4 2 3 4 9 8 9 5 6
2 5 4 2 3 5 8 4 1 0 4 2
7 /6 /9 5
7/ 6 / 9 5
1 8 : 3 0 50 0 0 3 5 9 10 3 5 0 12 3 2 8 9 1 5 6 1 13 9 2 1 . 1 0 6
1 7 : 4 3 3 6 7 3 3 9 7 1 12 6 6 2 72 2 6 2 4 0 5 4 1 1 52 4 2 , 6 9 7
2 5 4 8 3 5 8 2 10 3 4 7 / 6 / 9 5 17 : 4 3 3 6 8 2 4 3 4 1 16 3 6 2 7 1 59 2 3 9 8 7 1 15 7 8 2 , 7 2 3




55 6 5 ° F
1 0 2 5 3 7 3 5 7 9 10 4 2 7 / 6 / 9 5 17 : 4 4 3 7 0 7 5 10 12 3 8 5 2 6 9 8 1 2 3 8 0 9 1 16 8 7 2 , 7 0 8 5 3 2 , 7 3 1
10 2 5 4 1 3 4 7 5 9 3 4 7/6 /9 5 17 : 4 4 40 9 9 5 5 2 12 7 8 5 2 4 4 0 6 2 1 2 3 4 1 17 4 6 2 , 7 0 8 54 5 0
2 5 5 9 3 5 5 2 9 9 3 7/ 6 /9 5 1 5 : 12 3 0 2 5 5 5 14 5 2 5 3 3 17 2 2 3 2 8 5 5 0 1 2 0 0 6 4 0 , 2 7 9
2 5 5 0 3 5 8 2 1 0 3 2 7 '6 / 9 5 1 5 : 12 2 8 1 5 5 9 14 56 6 3 5 7 0 4 6 3 5 3 8 7 4 1 2 0 13 4 1 , 7 6 6





e s ' F
2 5 3 0 3 5 9 5 10 6 5 7 '6 / 9 5 1 5 : 13 3 0 0 5 6 5 14 6 1 5 3 7 3 3 6 7 3 70 1 9 5 1 2 0 2 0 4 2 , 3 6 5 6 6 4 4 1, 4 44
2 5 6 2 3 5 7 2 1 0 10 7/ 6 ' 9 5 1 5 : 13 2 89 5 6 9 14 6 5 6 3 4 6 7 1 3 3 4 3 5 4 1 1 2 0 26 4 1 , 4 7 6 6 8 8 76 2
2 5 4 7 3 6 1 4 10 6 7 7 / 6 - 9 5 1 5 : 2 3 4 9 1 6 3 8 1 5 23 5 2 0 3 7 6 8 2 00 5 9 6 1 2 1 14 2 3 , 0 9 3
2 5 3 4 3 5 8 0 10 4 6 7/ 6 / 9 5 1 5 : 2 3 4 8 5 6 4 4 1 5 29 6 2 0 6 2 4 7 2 0 3 0 7 5 1 2 1 24 2 3
,
8 6 5






2 5 5 8 3 5 4 8 9 9 0 7 / 6 / 9 5 1 5 : 2 4 5 0 0 6 5 4 1 5 3 8 5 2 0 0 3 20 1 9 7 1 4 8 1 2 1 3 7 2 4 , 5 0 7 4 1 0 2 4 , 0 9 3
2 5 4 6
2 5 4 0
3 6 8 6
3 4 9 8
1 1 4 0 7/6 /9 5 1 5 : 2 4 4 32 6 5 9 1 5 4 3 8 2 3 1 8 7 5 2 2 8 7 0 3 1 2 1 4 5
9 5 8 7 / 6 /9 5 1 5 : 5 4 10 1 2 5 7 9 14 30 9 9 8 8 74 9 5 7 0 2 1 19 74
2 4 j 7 0 5
1 2 , 1 2 8
2 5 4 0 3 4 0 7 8 6 7 7 '6 / 9 5 1 5 : 5 4 10 9 5 5 9 1 14 4 2 5 9 1 3 7 0 8 8 1 9 8 1 19 9 1 1 2 3 6 9
2 5 3 8 3 5 5 3 10 1 5 7 / 6 /9 5 1 5 : 5 5 9 6 0 6 0 1 14 52 2 10 4 2 60 1 0 10 8 8 1 2 0 0 6 1 2 , 1 2 4
4 12 6 4 0
20 7
2 1 2
20 6 6 3
"
F
2 5 4 8
2 5 5 3
3 6 2 9
3 6 4 5
10 8 1
10 9 2
7/ 6 /9 5
7/ 6 / 9 5
1 5 : 5 5





14 6 1 5
14 7 1 5
1 10 5 4 1
1 1 16 2 9
1 0 7 3 6 9
1 0 8 4 5 7
1 2 0 2 0
1 2 0 3 5
1 2 , 1 0 5







S a m p l e R u n 4 a
W e l l 1 S a m p l e s : N o r m a l M e t h o d ( 1 0 n i L S c i n t i l l a t o r a n d 1 0 m L W a t e r S a m p l e )
W e l l S a m p l e
P r e
W e i gh t
2 5 59
P o s t -
W e i gh t (B)
3 5 5 2
Sa m p l e
M a s s (g )
9 9 3
C ô Ue c t i o n
D a t e
7 6 / 9 5
C o l l e c t i o n
T im e
( h r : m i n )
15 : 12
C o u n t
T im e




( m i n . )
5 5 5
E l a p s e d
T im e
(m i n . )
14 5 2 5
G r o s s
C o u n t
3 3 17 2 2
N e t C o u n t
( c p m )
3 2 8 5 5 0
D e c a y
C o r r e c t i o n
1 2 0 0 6
R a d o n




1 6 4 5 o
6 6 9
2 5 50 3 5 8 2 10 3 2 7/ 6 / 9 5 15 12 2 8 1 5 5 9 14 5 6 6 3 5 7 0 4 6 3 5 3 8 7 4 1 2 0 13 4 1, 7 6 6 6 9 2 R
6 5 T2 5 4 1 3 5 19 9 7 8 7/ 6 / 9 5 15 : 12 2 9 9 5 6 2 1 4 5 9 5 3 3 4 9 5 0 3 3 1 7 7 8 1 2 0 1 7 4 1, 3 3 5 6 8 6
2 5 3 0 3 5 9 5 10 6 5 7 /6 /9 5 15 : 13 3 0 0 5 6 5 14 6 1 5 3 7 3 3 6 7 3 7 0 1 9 5 1 2 0 2 0 4 2 3 6 5 6 6 4 4 1 , 4 4 4
2 5 6 2 3 5 7 2 10 1 0 7 / 6 /9 5 1 5 : 13 2 8 9 5 6 9 14 6 5 6 3 4 6 7 13 3 4 3 5 4 1 1 2 0 2 6 4 1 , 4 7 6 6 8 8 7 6 2
W e l l 1 Sa m p l e s : 2 0 m L T o t a l V o lu m e , D i f f e r e n t V o l u m e s o f S c i n t i l l a t o r F l u i d a n d W a t e r S a m p l e
C o n c e n t r a
t i o n
W e U Sa m p l e
P r e
W e i gh t
(g )
P o s t -
W e i gh t (g )
S a m p l e
W e i g h t ( g )
S c i n t i l l a t o r
V o l u m e
C o l l e c t i o n
D a t e
C o l l e c t i o n
T h n e
(h r : m i n )
C o u n t
T i m e
( n u n . )
L SC
T im e
(m fa i )
K l a p s r d
T im e ( m i n . )
G r o s s
C o u n t
(c p m )
N e t C o m i t
(c p m )
D e c a y
C o r r e c t i o n
1 6 4 5 a
2 1 8 3 3 7 1 1 1 5 2 8 5 m L 7 / 6 '9 5 15 : 1 4 2 0 1 6 2 5 15 2 1 0 4 9 8 4 0 8 4 9 52 3 6 1 2 1 10 3 5 , 7 8 1 6 5 8
2 2 9 1 3 6 5 0 13 59 6 m L 7
'
6 9 5 15 : 14 2 2 8 6 2 7 15 2 2 9 4 39 2 1 1 4 3 6 0 3 9 1 2 1 13 3 5 , 4 6 1 6 5 3
0 0 2 3 7 2 3 6 0 9 12 3 7 7 m L 7 , 6 / 9 5 15 : 1 5 2 4 4 6 30 15 2 4 8 4 09 9 5 9 4 0 6 7 8 7 1 2 1 16 3 6 J 7 7 6 7 0
2 4 6 4 3 5 9 9 1 1 3 5 8 m L 7/ 6 / 9 5 15 : 1 5 2 5 6 6 3 3 15 2 7 7 3 9 10 9 4 3 8 7 9 2 2 1 2 12 1 3 7 , 8 3 6 69 6
S a m p le R u n 4 b
C a l i b r a t io n D at a
P r e -
We i g h tS a m p l e
B l a n k 1
7 14 p C i
9 5 2 p C i
2 5 7 6
N / A
N /A
P o s t -
We i g h t
3 5 8 5
N / A
N /A
W a t e r









L SC T im e




G r o s s
C o u n t
3 0 5 6
6 9 2 4 14
9 5 2 2 6 4
D e n s i t y : 1 0 0 C o u n t S t a r t : 7 / 8 -9 5 5 : 15




B a c k g r o u n d C o u n t : 3 0 56
C a l i br a t i o n F a c t o r 7 14 : 9 6 5
C a l i br a t i o n F a c t o r 9 5 2 : 9 9 7
A v g C F : 9 8 1
W e U Sa m p l e
P r e
W e i g l i t
2 5 4 4
2 5 4 9
P o s t -
W e i g h t ( g )
3 4 0 1
3 4 5 3
Sa m p l e
M a s s ( g)
8 5 7
9 0 4
C o ii e c t i o i i
D a t e
7 -7 /9 5
7 /7 / 9 5
C o l l e c t i o n
T im e
(h r : m l n )
9 : 2 9
9 : 2 9
C^o u n t
T im e
5 0 0 0





E l a p s e d
T im e
( m i n )
12 6 6 0
13 17 0
C r o s s
C o u n t
c p m )
4 6 4 6
4 4 6 0
N e t C o u n t
( c pm )
1 5 9 0
1 4 0 4
D e c a y
C o r r e c t i o n
1 17 2 8
1 18 0 3
R a d o n
C o n c e n t r a t i o n
( P C t / 1)
2 2 2
1 8 7
1 6 4 5 a
2 8
2 7 6 1° F






2 5 5 7
3 5 5 6
3 5 3 2
10 4 3
9 7 5
7 /7 / 9 5
7 /7 /9 5
9 : 3 0 5 0 0 0 2 5 8 14 18 0 4 8 4 0 1 7 8 4 1 19 54 2 0 8
9 : 0 8 5 0 0 0 3 0 8 1 4 9 0 0 6 2 74 3 2 18 1 2 0 6 3 4 0 6
2 5 5 5 3 4 5 9 9 0 4 7 / 7 / 9 5 9 : 0 8 5 0 0 0 3 59 15 4 1 0 5 9 4 0 2 8 8 4 1 2 14 1 3 9 5






6 0 ° F
U a 2 5 4 7 3 5 6 8 10 2 1 7 / 7 /9 5 9 : 0 9 5 0 0 0 4 6 2 1 6 4 3 0 6 3 4 4 3 2 8 8 1 2 2 9 8 4 0 4 2 8 3 9 5
1 1a 2 5 4 4
2 5 4 2
3 5 3 6 9 9 2 7 /7 / 9 5 9 : 0 9 5 0 0 0 5 1 2 16 9 3 0
3 5 0 1 9 5 9 7 / 7 / 9 5 8 : 4 6 5 0 0 0 56 3 1 7 6 7 0
6 2 0 0
6 8 0 4
3 1 4 4 1 2 3 76 4 0 0
3 7 4 8 1 2 4 9 1 4 9 8
2 5 4 8 3 4 8 6 9 3 8 7 / 7 /9 5 8 : 4 6 5 0 0 0 6 14 18 18 0 6 6 12 3 5 5 6 1 2 5 7 2 4 8 6







2 5 5 1 3 5 0 5 9 5 4 7 / 7 / 9 5 8 : 4 7 5 0 0 0 7 16 19 19 0 7 1 8 6 4 1 3 0 1 2 7 3 3 5 6 2 3 2 5 0 7





2 5 6 0 3 4 5 9 8 9 9 7 / 7 /9 5 9 : 5 8 5 0 0 0 19 5 0 0 15 5 2 6 1 2 4 7 0 1 2 7 8 2 1 , 8 0 7
2 5 4 3
2 5 4 1
2 5 4 1
2 5 4 8
2 5 3 4
2 5 4 5
2 5 3 7
2 5 4 7
2 5 2 3
3 5 5 1
3 4 4 5
3 5 6 8
3 5 5 5
3 5 4 0
3 5 7 9
3 6 6 1
3 5 5 9







1 1 2 4
10 12
1 1 0 6
7 / 7 / 9 5
7 / 7 / 9 5
7 ;7 /9 5
7 /7 / 9 5
7 / 7 / 9 5
7 / 7 / 9 5
7 / 7 / 9 5
7 / 7 / 9 5
7 /7 / 9 5









5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
3 2 8 8
3 1 4 0
2 9 1 5
3 1 6 9






1 0 8 9
1 1 19
1 1 5 1
1 1 8 2
2 0 0 0 0
2 0 5 1 0
2 10 2 0
2 15 3 0
2 2 9 8 6
2 3 3 1 3
2 3 6 1 4
2 3 9 2 2
2 4 2 4 1
18 8 2 8
16 2 8 0
1 8 2 2 6
1 7 5 6 0
3 0 4 2 0
3 1 8 5 4
3 4 3 1 9
3 1 5 6 8
3 3 4 5 5
15 7 7 2
13 2 2 4
15 1 7 0
14 5 0 4
2 7 3 6 4
2 8 7 9 8
3 12 6 3
2 8 5 12
3 0 3 9 9
1 2 8 6 3
1 2 9 4 6
1 3 0 2 9
1 3 1 13
1 3 3 5 6
1 3 4 1 1
1 3 4 6 2
1 3 5 14
1 3 5 6 9








3 , 7 0 2
3 , 8 0 6
3 . 8 16
3 , 8 8 0
















6 3 " F
3 . 8 0 1
6 4
S a m p l e R u n S a
C a li b r a t i o n D a t a
S a m p l e
B la n k 1
B la n k 2
B la n k 3
B la n k 4
7 1 4 p C i
9 5 2 p C i
V i a l
W e i g h t
(g )
N / A
1 6 7 2




P r e -
We i g h t
( a )
2 5 7 6
2 5 4 1
2 5 6 2
2 5 3 1
N A
N / A
P o s t -
W e ig h t
( g )
3 5 8 5
3 5 5 4
3 5 7 9
3 5 4 1
N / A
N / A
S c i n t







W a t e r
M a s s (g )
1 0 0 9
1 0 1 3
1 0 1 7
1 0 1 0
N / A
N / A
C o u n t
T i m e
( m i n )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 4 0
1 0 6
l , S C
T i m e







G r o s s
C o u n t
(c p m )
3 1 8 4
3 1 5 6
3 0 9 4
3 1 0 6
7 19 3 57
9 4 6 6 0 4
A c t i v i t y







B a c k g r o u n d C o u n t :
C al i b r a t i o n F a c t o r 7 1 4 :
C a l i br a t io n F a c t o r 9 52 :
A v g C F :
3 1 3 5
1 0 0 3
9 9 1
9 97
W e l l
1 2
1 2
S a m p l e
P r e -
We i g h t
( B )
2 5 6 2
2 5 6 8
2 5 4 3
P o s t -
W e i g h t
(S )
3 4 7 9
3 6 4 5
3 5 2 3
Sa m p le
M a s s (g )
9 1 7
1 0 7 7
9 8 0
C o l l e c t i o n
D a t e
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
C o l l e c t i o n
T i m e
( h r : m i n )
1 8 : 1 3
1 8 : 1 3
1 8 : 1 4
C o u n t
T i m e
(m l n )
5 0 0 0
5 0 0 0
5 0 0 0
L SC
T i m e




E l a p s ed
T i m e
( m in )
6 6 6 0
7 1 7 0
7 6 7 0
( » r o s s
C o u n t
(c p m )
1 1 4 7 0
1 1 9 7 8
11 7 3 2
N e t C o u n t
( c p m )
8 3 3 5
8 8 4 3
8 5 9 7
D e c a y
C o r r e c t i o n
1 0 8 7 5
1 0 9 4 5
1 1 0 1 4
R a d o n
C o n c e n t r a t i o n








1 2 2 5 4 1 3 6 0 3 1 0 6 2 7 / 1 7 / 9 5 1 8 : 1 4 5 0 0 0 7 6 1 8 1 8 0 12 1 4 2 9 0 0 7 1 1 0 8 5 9 4 3 2 8 9 4 6
0 0
a s





T ap 2 5 5 4 3 5 3 6 9 8 2 7 / 1 7 / 9 5 1 8 : 2 3 5 0 0 0 8 6 4 9 1 2 0 12 1 6 8 9 0 3 3 1 1 2 1 7 1, 0 3 5
2 5 5 0 3 4 6 3 9 1 3 7 / 1 7 / 9 5 1 8 :0 5 3 7 4 9 3 7 4 4 4 6 3 26 6 7 4 2 3 5 39 1 0 5 7 8 2
,
7 3 5
2 5 3 7 3 4 9 5 9 58 7 / 1 7 / 9 5 1 8 :0 5 3 6 0 9 4 12 4 8 5 0 2 7 7 1 4 2 4 5 7 9 1 06 3 0 2
,
7 3 5





1 0 2 5 4 2 3 5 5 4 1 0 1 2 7 / 1 7 ' 9 5 1 8 :0 6 3 3 4 2 4 8 5 5 5 8 3 29 9 2 8 26 7 9 3 0 7 2 8 2
,
8 4 9 53 2
,
7 6 0
1 0 2 5 4 2 3 5 5 4 1 0 1 2 7 / 1 7 / 9 5 1 8 :0 6 3 5 7 5 5 2 1 5 9 3 1 2 7 9 7 2 2 4 8 3 7 1 0 7 7 5 2 , 6 5 2 5 0 8 0
2 5 5 3 3 5 0 6 9 5 3 7 / 1 7 / 9 5 1 5 : 18 3 0 4 2 13 4 6 9 5 3 2 9 6 7 1 3 2 6 5 3 6 1 0 6 0 9 3 6
,
4 57
2 5 5 5 3 4 8 6 9 3 1 7 / 1 7 / 9 5 1 5 : 1 8 3 1 2 2 1 7 4 7 3 4 3 2 0 8 0 1 3 1 7 6 6 6 1 0 6 1 4 3 6 . 3 2 3






2 5 4 7 3 4 7 4 9 27 7 / 1 7 / 9 5 1 5 : 1 9 2 9 4 2 2 4 4 7 9 5 3 4 1 0 2 0 3 3 7 8 8 5 1 0 6 2 2 3 8 , 8 3 1 6 4 4 3 6 , 8 8 0
2 5 5 4 3 5 4 1 9 87 7 / 1 7 / 9 5 1 5 :2 0 2 8 7 2 2 8 4 8 2 6 3 4 9 1 2 9 3 4 5 9 9 4 1 0 6 2 6 3 7
.
3 6 0 6 2 0 1
,
2 8 7
2 5 5 3
2 5 4 7
2 5 6 0
2 5 4 4
2 5 50
2 5 5 6
2 5 6 1
2 5 5 5
2 5 5 0
2 5 5 5
3 4 3 0
3 5 0 7
3 5 2 9
3 5 1 1
3 5 4 3
3 5 3 8
3 5 4 0
3 4 7 4
3 5 8 4









1 0 3 4
8 6 6
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 , ' 9 5
1 5 :3 4
1 5 :3 4
1 5 :3 5
1 5 :3 5
1 5 :3 5
1 5 :5 9
1 6 :0 0
1 6 :0 0
1 6 :0 0





















5 1 2 5
51 7 7
5 2 1 8
5 2 7 7
53 2 8
5 1 5 3
5 2 2 3
5 3 1 1
5 3 9 5
5 4 6 9
2 0 0 4 6 1
2 1 7 6 74
2 2 2 5 3 3
2 1 9 8 2 4
2 2 4 2 8 3
1 3 6 2 0 4
1 3 3 7 8 3
1 2 7 4 7 8
1 4 3 7 6 4
1 2 18 3 9
1 9 7 3 2 6
2 14 5 3 9
2 1 9 3 9 8
2 1 6 6 8 9
2 2 1 1 4 8
1 3 3 0 6 9
1 3 0 6 4 8
1 2 4 3 4 3
1 4 0 6 2 9
1 1 8 7 0 4
1 0 6 6 6
1 0 6 7 3
1 0 6 7 9
1 0 6 8 7
1 0 6 9 4
1 0 6 7 0
1 0 6 8 0
1 0 6 9 1
1 0 7 0 3













































S a m p l e R u n 5 b
C a l i br a t i o n D a t a
V i a l
W e i g h t
i gL
16 7 9
Sa m p l e
B l a n k 1
7 l 4 pC i
9 5 2 ££ L
N / A
N /A
P r e -
W e i g h t
2 5 4 7
N / A
D e n s i t y :
N / A
P o s t -
W e i g h t




Sc b i t .




W a t e r




C o u n t




L SC T h n e




G r o s s
C o u n t
3 0 9 8
7 2 8 0 4 3
9 4 4 2 4 5
A c t i v i t y




B a c k g r o u n d C o u n t : 3 0 9 8
C a l i b r a t i o n F a c t o r 7 14 : 10 15
C a l i b r a t i o n F a c t o r 9 5 2 : 9 8 9
A v g C F : 10 0 2
C o l l e c t i o n
T i m e
h r : m i n
1 2 : 00
E l a p s e d
T h n e
m i n .
1 1 1 7 0
R a d o n
C o n c e n t r a t i o n
C o u n t
T im e
m i n .
5 0 0 0
G r o s s
C o u n t
c p m
4 5 8 2
C o l l e c t i o n
D a t e
S a m p l e
M a s s (g )
Ne t C o u n t
(c p m )
14 8 4
D e c a y
C o r r e c t i o n
Sa m p l e W e i g h t W e i g h t T i m e 1 6 4 5 < T
7/ 18 / 9 5 1 15 1010 1 3
2 5 5 8 7 / 18 / 9 5 1 15 8 43 3 6 9 12 : 0 0 5 0 0 0 1 6 8 0 4 4 6
2 5 4 7 7/ 18 /9 5 4 1 3 2 1 16 5 93 3 3 5 1 2 :0 0 50 0 0 1 2 19 0
17 3 22 5 5 5 3 4 8 0 7 / 8 / 9 5 12 6 9 0 4 5 4 0 4 4 2
7/ 18 / 9 5 4 4 6 8 1 18 0 81 2 :0 1 50 0 0 1 3 2 0 0
3 4 4 8
3 4 5 8
7/ 18 / 9 5
7/ 18 /9 5
4 4 9 4
5 8 4 4
1 18 8 1
1 19 9 5
5 0 0 0
50 0 0
1 3 6 9 0
14 4 5 0
7/ 18 / 9 5 1 2 0 7 25 0 0 0 1 4 9 6 0
2 5 4 0 7/ 18 /9 5 5 0 0 0 15 4 6 0 2 7 8 6 1 2 14 9
7/ 8 /9 52 5 6 4 3 4 8 4 I :4 0 15 9 7 0 5 9 0 0 1 2 2 2 7
3 5 6 9
3 4 8 8
7/ 18 / 9 5 5 0 0 0 16 4 8 0 6 0 5 4 2 9 5 6
3 6 9 6
1 2 3 0 6
1 2 4 2 27 / 1 8 / 9 5 1 1 : 17 50 0 0 17 2 3 0 6 7 9 4
7 / 18 / 9 50 1 8 5 0 0 0 7 7 4 0 7 2 0 0 4 1 0 2 1 2 5 0 2
2 5 6 4 3 5 7 8 7/ 18 / 9 5 4 1 5 00 14 1 : 1 8 18 2 4 0 7 2 4 8 2 5 8
3 5 8 4 7/ 18 /9 5 50 0 0 18 7 5 0 4 2 6 8 1 2 6 6 2
7/ 18 / 9 5 1 1 : 19
12 :3 2
9 2 5 0 7 0 4 2
17 5 4 0
3 9 4 4 2 7 4 2
2 5 59 3 4 9 4 7/ 18 / 9 5 19 0 4 0 14 4 4 2 1 2 7 0 9 1 , 9 5 9
2 5 4 5 3 4 4 6 7 / 18 / 9 5 19 5 5 0 16 9 2 2 13 8 2 4 1 2 79 1 1, 9 5 9
2 5 59 7/ 18 / 9 53 4 5 3 50 0 0 2 0 0 6 0 15 3 6 0 12 2 6 2 1 2 8 7 3
2 5 4 9 7 / 18 / 9 5 2 0 5 7 0 5 5 4 8 12 4 5 0
2 5 6 4 3 5 9 7 7 18 / 9 5




3 5 1 8
2 10 8 0
2 2 52 4
15 0 4 2
2 8 4 3 1
1 19 4 4
2 5 3 3 3
1 3 0 3 9 1
,
5 05
3 . 5 9 42 5 54 1 3 2 7 9
2 5 4 5 3 5 6 7 0 2 2 7 / 8 / 9 5 10 : 5 3 3 2 9 3 22 8 6 5 3 0 3 6 7 2 7 2 6 9 1 33 3 6
2 5 4 7 3 5 2 9 7/ 18 /9 5 34 3 6 23 2 1 8 2 9 1 0 4 2 6 0 0 6 1 3 3 9 5 3 , 5 40
2 5 4 0 3 5 1 5 7/ 8 / 9 5 3 3 9 7 23 5 6 0 2 9 4 4 1 2 6 3 4 3 1 34 5 3 3 , 6 2 8
7/ 1 8 / 9 53 6 4 9 0 8 8 30 7 5 23 89 6 3 2 5 2 7 2 9 4 2 9 1 3 5 10
Sa m p l e R u n 5 ( t e s t )
C a li b r a t i o n D a t a
Sa m p l e
B l a n k 1
B l a n ) c 2
B l a n k 3
B l a n k 4
7 1 4 p C i
9 5 2 p C i
V i a l
W e ig h t
(g )
N / A
1 6 7 2
1 6 9 1
1 6 6 6
N i A
N / A
P r e -
VV e i g h t
(g )
2 5 7 6
2 5 4 1
2 5 6 2
2 5 3 1
N / A
N / A
P o s t -
W e i g h t
(R )
3 5 8 5
3 5 5 4
3 5 7 9
3 5 4 1
N / A
N / A
S c i n t







W a t e r
M a s s (g )
10 0 9
1 0 1 3




C o u n t
T i m e
( m in )
5 0 0 0
5 0 0 0
5 0 0 0




T i m e







G r o s s
C o u n t
(c p m )
3 1 8 4
3 1 5 6
3 0 9 4
3 1 0 6
7 1 9 3 5 7
9 4 6 6 0 4
D e n s it y : 1 0 0 C o i m l S t a r t ; 7 / 1 7/ 9 5 1 9 :3 6







B a c k g r o u n d C o u n t :
C a l i b r a t i o n F a c t o r 7 1 4 :
C al i b r a t i o n F a c t o r 9 52 :
A v g C F :




1 0 m L Sc in t i l la t o r F l u i d
W e ll S a m pl e
P r e -
W e i g h t
(e )
2 5 5 3
2 5 5 5
2 5 4 4
P o s t -
W e i g h t
.
(g )
3 5 0 6
3 4 8 6
3 4 4 3
S a m p le




C o l le c t i o n
D a t e
7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
C o l l e c t io n
T i m e
(h r m i n )
1 5 : 1 8
1 5: 1 8
1 5 : 1 9
C o u n t
T i m e





T i m e




E la p s e d
T i m e
( ■" I n )
4 6 9 5
4 7 3 4
4 7 6 3
G r o s s
( ^o u n t
(c p m )
3 2 9 6 7 1
3 20 8 0 1
3 0 2 2 3 6
N e t C o u n t
(c p m )
3 2 6 5 3 6
3 1 7 6 6 6
2 9 9 1 0 1
D e c a y
C o r r e c t i o n
1 0 6 0 9
1 0 6 1 4
1 0 6 1 8
R a d o n
C o n c e n t r a t i o n







3 5 , 4 3 0






2 5 4 7 3 4 7 4 9 2 7 7 / 1 7 / 9 5 1 5 : 1 9 2 9 4 2 2 4 4 7 9 5 3 4 1 0 2 0 3 3 7 8 85 1 0 6 2 2 3 8
.
8 3 1 6 4 4 3 6
,
8 8 0
2 5 5 4 .3 5 4 1 9 8 7 7 / 1 7 / 9 5 1 5 : 2 0 2 8 7 2 2 8 4 8 2 6 3 4 9 1 2 9 3 4 5 9 9 4 1 0 6 2 6 3 7 , 3 6 0 6 2 0 1 , 2 8 7
8 m L Sc i n t i l l a t o r F l u i d
1 2 3 8 3
2 3 7 2
2 3 6 5
3 3 2 8
3 3 6 8




7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
1 5 : 20
1 5 : 2 1







4 8 6 4
4 8 9 5
4 9 3 4
3 14 1 69
3 ?6 6 78
3 1 4 8 74
3 1 1 0 3 4
3 3 3 5 43
3 1 1 7 3 9
1 0 6 3 1
1 0 6 3 6
1 0 6 4 1










2 3 7 3 3 3 7 8 1 0 0 5 7 / 1 7 / 9 5 1 5 : 2 1 2 9 2 2 4 3 4 9 6 5 3 4 2 9 1 1 3 3 9 7 7 6 1 0 6 4 5 3 6
,
0 9 5 5 9 9 3 5
,
9 8 9
1 0 2 3 7 0 3 3 7 7 1 0 0 7 7 / 1 7 / 9 5 1 5 : 2 2 2 8 7 2 4 7 4 9 9 6 3 4 4 3 6 4 3 4 1 2 2 9 1 0 6 4 9 3 6
,
1 9 1 6 0 4 6 4 3
8 m L S c i n t i l l a t o r F l u id ( S a m p l e s C lo s e s t t o 1 0 m L )
2 3 7 2 3 3 6 8 9 9 6 7 / 1 7 / 9 5 1 5 : 2 1 2 9 8 2 3 6 4 8 9 5 3 3 6 6 7 8 3 3 3 5 4 3 1 0 6 3 6 3 5 . 7 2 1 5 9 2
2 3 7 3 3 3 7 8 1 0 0 5 7 / 1 7
'
9 5 1 5 : 2 1 2 9 2 2 4 3 4 9 6 5 3 4 2 9 1 1 3 3 9 7 7 6 1 0 6 4 5 3 6
,
0 9 5 5 9 9 3 6
,
0 0 2
1 0 2 3 7 0 3 3 7 7 10 0 7 7 / 1 7 / 9 5 1 5 : 2 2 2 8 7 2 4 7 4 9 9 6 3 4 4 3 6 4 3 4 1 2 29 1 0 6 4 9 3 6 , 1 9 1 6 0 4 2 4 8




2 2 9 2
2 2 9 4
2 2 9 8
3 2 6 1
3 2 6 6




7 / 1 7 / 9 5
7 / 1 7 / 9 5
7 / 1 7 / 9 5
1 5 : 2 2
1 5 : 2 3







5 0 3 4
5 0 6 5
5 1 0 4
3 3 3 3 6 7
3 2 6 0 2 6
3 2 3 6 4 5
3 3 0 2 3 2
3 2 2 8 9 1
3 2 0 5 1 0
1 0 6 5 4
1 0 6 5 8
1 0 6 6 4












2 2 9 0
2 2 9 9
3 1 5 8
3 3 4 3
8 6 8
1 0 4 4
7 / 1 7 ' 9 5
7 / 1 7 / 9 5
1 5 : 2 3





5 1 4 5
5 1 7 5
2 9 2 9 2 4
3 2 7 7 12
2 8 9 7 8 9
3 2 4 5 7 7
1 0 6 6 9















S a m p l e R u n 6 a
C a l i br a t io n D a t a
S a m p le
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 4
7 1 4 p C i
9 5 2 p C i
V i a l
W e ig h t
1 6 7 9
1 6 7 2
1 6 9 1
1 6 6 6
N / A
N / A
P r c -
W e i g h t
(g )
2 5 4 7
2 5 4 1
2 5 6 2
2 5 3 1
N / A
N 'A
P o s t -
W e ig h t
3 5 4 5
3 5 5 4
3 5 7 9
3 5 4 1
N / A
N / A
S c i n t







W a t e r
M a s s (g )
9 9 8
1 0 1 3
1 0 1 7
1 0 1 0
N / A
N / A
C o u n t T i m e
(m i n )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 6
1 0 6
L S C T i m e







G r o s s
C o u n t
( c p m )
3 0 1 6
3 0 0 6
3 0 2 2
3 0 0 0
7 3 8 9 7 1
9 4 7 7 3 6
D e n s i t y : 1 0 0 C o u n t St a r t : 7 / 3 0 / 9 5 1 6 :3 1







B a c k g r o u n d C o u n t :
C a li br a t i o n F a c t o r 7 14 :
C a l i b r a t io n F a c t o r 9 5 2 :
A v g C F :


















S a m p l e
P r e -
W e i g h t
2 5 5 7
2 5 3 0
2 5 6 5
2 5 6 0
2 5 5 5
2 5 6 2
2 5 5 1
2 5 4 8
2 5 4 8
2 5 6 0
2 5 4 8
2 5 5 7
2 5 5 6
2 5 4 7
2 5 4 5
2 5 4 1
2 5 4 4
2 5 6 4
2 5 5 0
2 5 5 8
2 5 5 8
2 5 4 2
2 5 6 1
2 5 5 6
2 5 5 1
P o s t -
W e i g h t
( g >
3 3 9 9
3 3 7 6
3 5 1 0
3 3 7 8
3 4 0 3
3 4 4 6
3 5 0 0
3 4 5 9
3 4 7 2
3 3 9 6
3 5 2 2
3 3 9 1
3 4 4 9
3 4 1 7
3 4 2 3
3 4 4 6
3 4 8 2
3 4 8 0
3 4 6 4
3 4 7 7
3 4 5 2
3 3 6 2
3 4 4 5
3 4 1 4
3 4 8 7
S a m p l e


























C o l l e c t io n
D a t e
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 /9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 - 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
7 / 3 0 / 9 5
C o l l ec t i o n
T i m e
( h n m in )
1 5: 1 2
1 5 : 1 2
1 5 : 1 2
1 5: 1 3
1 5 : 1 3
14 : 4 7
14 : 4 7
1 4 :4 7
1 4 : 4 8
1 4 :4 8
14 :2 5
1 4 :2 6
1 4 :2 6
1 4 :2 7
1 4 :2 7
1 3 3 3
1 3 :3 4
1 3 :3 4
1 3 :3 5
1 3 :3 5
1 3 :2 3
1 3 :2 3
1 3 :2 3
1 3 :2 4
1 3 :2 4
C o u n t
T i m e
(m i n )
50 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
50 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
50 0 0
5 0 0 0
50 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
4 3 0 0
4 6 6 1
4 5 3 0
4 4 4 6
4 2 0 0
L S C
T i m e















1 0 2 8
1 0 7 9
1 1 3 0
1 1 8 1
1 2 3 2
1 2 8 4
1 3 2 8
1 3 7 6
1 4 2 2
1 4 6 8
1 5 1 1
E la p s e d
T i m e
( m i n )
3 6 5 0
4 1 6 0
4 6 7 0
5 1 7 0
5 6 9 0
6 4 6 0
6 9 7 0
7 4 8 0
7 9 8 0
8 5 0 0
9 2 4 0
9 7 4 0
10 2 5 0
10 7 5 0
1 1 2 7 0
1 2 3 2 0
1 2 8 2 0
1 3 3 3 0
1 3 8 3 0
1 4 3 5 0
1 4 9 4 5
1 54 0 7
1 5 8 7 4
16 3 2 8
1 6 7 7 0
G r o s s
C o u n t
(c pm )
4 6 1 8
4 4 1 2
4 5 6 8
4 4 8 8
4 4 5 0
6 2 0 4
6 4 5 2
6 1 3 0
5 8 9 8
5 8 2 2
7 2 4 6
6 6 4 8
6 8 8 0
6 4 5 6
6 3 3 8
1 1 1 3 0
1 1 5 7 8
1 1 4 3 4
1 1 2 1 6
1 1 1 4 0
2 3 2 6 0
2 1 4 6 1
2 2 0 7 5
2 2 4 9 4
2 3 8 1 0
N e t C o u n t
(c p m )
16 0 7
14 0 1
1 5 5 7
14 7 7
14 3 9
3 1 9 3
3 4 4 1
3 1 1 9
2 8 8 7
2 8 1 1
4 2 3 5
3 6 3 7
3 8 6 9
3 4 4 5
3 3 2 7
8 1 1 9
8 5 6 7
8 4 2 3
8 2 0 5
8 1 2 9
2 0 2 4 9
1 8 4 5 0
1 9 0 6 4
1 9 4 8 3
2 0 7 9 9
D e c a y
C o r r e c t io n
1 0 4 7 0
1 0 5 3 8
1 0 6 0 6
1 0 6 7 3
1 0 7 4 3
1 0 8 4 7
1 0 9 1 7
1 0 9 8 7
1 1 0 5 7
1 1 1 2 9
1 1 2 3 4
1 1 3 0 5
1 1 3 7 7
1 1 4 4 9
1 1 5 2 4
1 1 6 7 8
1 1 7 5 1
1 1 8 2 7
1 1 9 0 2
1 1 9 8 0
1 2 0 7 0
1 2 1 4 1
1 2 2 1 2
1 2 2 8 2
1 2 3 5 1
R a d o n
C o n c e n t r a t i o n














































































S a m p l e R u n 6 b
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 4
7 14 p C i
9 5 2 p C i
V i a l







P r e -
W e i g li t
2 5 4 7
2 5 4 1
2 5 6 2
2 5 3 1
N / A
N / A
P o s t -
W e i g l i t
3 5 4 5
3 5 5 4
3 5 7 9
3 5 4 1
N /A
N /A
S c i n f .







W a t e r






D e n s it y : 1 0 0
N /A
C o u n t
T im e ( m l n )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 7
1 0 5
L SC T im e
( m i n )
C o u n t S t a r t : 8 / 1/9 5 9 : 14
G r o s s
C o i m t
(c p m )
3 0 16
3 0 0 6
3 0 2 2
3 0 0 0
7 2 9 9 2 7
9 5 3 8 10







B a c k gr o u n d C o u n t : 3 0 1 1
C a l i b r a t i o n F a c t o r 7 14 : 10 18
C a l i b r a t i o n F a c t o r 9 5 2 : 9 9 9
A v g C F : 10 0 8
O
W e H Sa m p l e
P r e -
W c i g h t
2 5 4 6
2 5 4 2
2 5 4 5
P o s t -
W ' c l g h t
3 4 7 1
3 4 8 7
3 4 86
Sa m p l e




C o l l e c t i o n
D a t e
7/ 3 1/ 9 5
7/ 3 1/ 9 5
7/ 3 1/ 9 5





C o i m t
T im e
(m l n . )
5 0 0 0
5 0 0 0
5 0 0 0
L S C
T im e




E l a p s e d
T im e
[m i n . )
1 2 4 5 0
12 9 7 0
1 3 4 8 0
G r o s s
C o u n t
i £ES L
1 7 2 7 8
1 5 6 5 6
1 8 9 74
N e t C o u n t
( c p m )
1 4 2 6 7
12 6 4 5
1 5 9 6 3
D e c a y
C o r r e c t i o n
1 16 9 7
1 17 7 4
1 1 8 50
R a d o n




1, 5 6 2
1 ,9 9 3




2 5 4 6 3 5 9 6 1 0 5 0 7 ' 3 1/9 5 13 :0 1 4 9 9 7 2 1 0 13 9 8 0 2 0 0 12 17 0 0 1 1 1 9 2 4 1 , 9 1 5 3 8 1 83 3
8 a
8 a
2 5 5 4 3 5 9 7 1 0 4 3 7 3 1/9 5 13 :0 1 5 0 0 0 26 2 14 5 0 0
2 5 5 8 3 6 2 8 1 0 7 0 7 ' 3 1/ 9 5 9 : 14 3 1 7 8 29 5 17 19 1
1 9 7 0 2
3 14 8 5
16 6 9 1 1 2 0 0 3




a t t a
3 J 7 7
2 5 0 3 3 5 9 3 1 0 9 0 7 / 3 1/ 9 5 9 : 14 3 0 8 0 3 2 7 17 5 1 6 3 2 4 8 1 2 9 4 7 0 1 2 46 7 3 ,3 43






2 5 6 7 3 5 8 8 1 0 2 1 7/ 3 1/ 9 5 9 : 14 3 3 10 3 9 6 18 19 5 3 0 2 18 2 7 2 0 7 1 2 5 7 4 3 3 2 3 6 1 3 3 16
2 5 5 8 3 5 7 5 1 0 1 7 7 / 3 1/ 9 5 9 : 1 5 3 3 0 3 43 0 18 5 2 5 3 0 2 7 6
2 5 4 9 3 4 13 8 6 4 7 ' 3 1' 9 5 13 : 5 4 5 0 0 0 4 8 1 16 16 0 1 9 2 6 8
2 7 2 6 5
16 2 5 7
1 2 6 2 7
1 2 2 5 6
3
,3 5 7
2 . 2 8 7
2 5 5 4 3 3 87 8 3 3 7 ' 3 1/9 5 13 :5 4 5 0 0 0 53 2 16 6 7 0 1 8 4 8 2 15 4 7 1 1 2 3 3 5 2
,
2 7 2






2 5 5 1 3 4 6 4 9 13 7 / 3 1 9 5 13 :5 4 5 0 0 0 6 3 5 17 7 0 0 1 8 7 5 4 15 7 4 3 1 2 4 96 2 , 13 7 4 4 2 . 124
2 5 5 6 3 5 0 4 9 4 8 7/ 3 1'
'
9 5 13 :5 5 5 0 0 0 6 8 6 18 2 0 0 1 9 1 3 2
2 5 5 2 3 4 8 4 9 3 2 7 ' 3 1 9 5 1 1 :2 9 10 9 5 69 8 19 9 7 5 9 14 7 0
16 1 2 1
8 8 4 5 9
1 2 5 7 5
1 2 8 5 9
2^ 2 1
1 2 , 1 0 3
2 5 4 1 3 4 7 7 9 3 6 7/ 3 1 / 9 5 1 1 :2 9 10 5 6 70 9 2 0 0 8 7 9 4 8 1 1 9 18 0 0 1 2 8 7 7 1 2 , 5 2 4






2 5 4 3 3 4 3 9 8 9 6 7/ 3 1/ 9 5 1 1 :3 0 1 1 2 4 7 3 3 2 0 3 1 4 8 8 9 9 5 8 5 9 8 4 1 2 9 1 4 1 2
,
2 90 2 0 9 1 2
,
4 12
2 5 4 8 3 4 7 5 9 2 7 7 ' 3 1 / 9 5 1 1 :3 0 1 0 6 1 7 4 4 2 0 4 2 7 9 4 2 7 9 9 12 6 8 1 2 9 3 3 1 2 , 6 2 7 2 1 5 2 1 2
S a m p l e R u n 6 ( t e s t )
C a l i b r a t i o n D at a
Sa m p l e
B l a n k I
B l a n k 2
B l an k 3
B l an k 4
7 1 4 p C i
9 5 2 p C i
V i a l
W e i g h t
N / A
1 6 7 2




P r e -
W ei g h t
2 5 7 6
2 5 4 1
2 5 6 2
2 5 3 1
N / A
N / A
P o s t -
W ei g h t
( e )
3 5 8 5
3 5 5 4
3 5 4 1
N / A
N / A
S c i n t






Wa t e r
M a s s (g )
1 0 0 9
1 0 1 3




C o u n t
T l i ti e
I n i l n )
5 0 0 0
5 0 0 0
5 0 0 0




T i m e
(m in i
G r o s s
C o u n t
( c p m )
3 0 16
3 0 0 6
7 2 9 9 2 7
9 5 3 8 1 0




D e n s i t y : 1 0 0
B a ck g r o u n d C o u n t :
C a l i b r a t i o n F a c t o r 7 14
C a l i b r a t i o n F a c t o r 9 5 2
A v g C F :
3 0 1 1
1 0 1 8
9 9 9
10 0 8
C o u n t S ta r t : 8 / 1 / 9 5 9 : 1 4
S M i n u t e P u r g e . 10 m L S c i n t i ll a t o r F l u i d
W e l l S a m p l e
P r e -
We i g h t
( g >
2 5 4 1
2 5 4 6
P o s t -
W ei g h t
( g )
3 4 8 4
3 4 7 7
3 4 7 2
S a m p le




C o l l ec t io n
D a t e
7 / 3 1 / 9 5
7 / 3 1 / 9 5
7 / 3 1 / 9 5
C o l le c t i o n
T i m e
f h r : m i n )
1 1 :2 9
1 1 : 2 9
1 1 :2 9
C o u n t
T i m e
(m i n l
1 0 9 5
10 5 6
10 6 9
I , S C
T i m e




E l a p s e d
T i m e
(m i n )
19 9 7 5
2 0 0 8 7
2 0 2 0 7
G r o s s
C o u n t
( c p m )
9 1 4 7 0
9 4 8 1 1
9 3 6 3 0
N e t C o u n t
(c p m )
8 8 4 5 9
9 1 8 0 0
D e c a y
C o r r e c t i o n
1 2 8 5 9
1 2 8 7 7
R a d o n
C o n c e n t r a t i o n








1 6 4 5 <j
2 0 6
2 13
2 5 4 3 3 4 3 9 8 9 6 7 / 3 1 / 9 5 1 1 :3 0 1 1 2 4 7 3 3 2 0 3 1 4 8 8 9 9 5 8 5 9 8 4 1 2 9 1 4 1 2
,
2 9 0 2 0 9
2 5 4 8 3 4 7 5 9 2 7 7 / 3 1/ 9 5 1 1 : 3 0 10 6 1 2 0 4 2 7 9 4 2 7 9 9 1 2 6 8 1 2 , 6 2 7 : i 5 2 1 2
-O
1 0 M i n u t e P u r g e . 1 0 m L S c i n t i l l a t o r F l u i d
We l l S a m p l e
P r e -
W e i g h t
(g )
2 5 6 5
2 5 4 5
2 5 5 4
P o s t -
We i g h t
(« )
3 5 3 3
S a m p l e




C o ll e c t i o n
D a t e
7 / 3 1 / 9 5
7 / 3 1 / 9 5
7 / 3 1 / 9 5
C o l le c t i o n
T i m e
(h r m i n )
1 1 3 4
1 1 :3 4
C o u n t
T i m e
( m i n )
9 6 5
1 0 2 7
L S C
T i m e
(m i n )
75 5
7 7 7
E l a p s e d
T i m e
(ra i n . )
2 0 5 0 2
2 0 6 0 9
2 0 7 2 0
G r o s s
C o u n t
(c p m )
10 3 7 2 0
9 7 4 2 0
9 9 6 7 1
N e t C o u n t
(c p m )
1 0 0 7 0 9
9 4 4 0 9
D e c a y
C o r r e c t i o n
1 2 9 4 5
1 2 9 6 2
R a d o n
C o n c e n t r a t i o n
(p C i/ 1)
13 J 5 5




O n e - T a i l
9 5 %
C o n f i d e n c
e L e v e l
( 1 6 4 5 n 1
2 2 6
2 2 5
2 5 5 2 3 4 5 7 9 3 5 7
' 3 1 / 9 5 1 1 :3 5 10 1 6 7 8 8 2 0 8 1 9 9 8 5 1 4 9 5 5 0 3 2 9 9 7 13 , 1 6 4 2 2 3 1 3 16 7
2 5 4 5 3 4 5 8 9 13 7 / 3 1 / 9 5 1 1 :3 5 1 0 5 2 7 9 9 2 0 9 2 7 9 5 0 7 6 9 2 0 6 5 3 0 1 4 13
,
0 1 4 2 2 1 1 3 5
10 M i n u t e P u r g e , 5 m L Sc in t i l l a t o r
W e l l S a m p l e
P r e -
W e i g h t
(g )
2 1 0 0
2 1 1 3
2 1 0 8
2 1 0 5
P o s t -
W e i g h t
( g )
3 5 f
3 6 3 9
3 6 1 4
3 5 5 5
S a m p l e







C o ll e c t i o n
D a t e
7 / 3 1 / 9 5
7 / 3 1 / 9 5
7 / 3 1 /9 5
7 / 3 1 / 9 5
7 / 3 1 / 9 5
C o l l e c t io n
T i m e
(h r : m i n )
1 1 :3 5
1 1 :3 5
1 1 3 6
1 1 3 6
1 1 3 6
C o u n t
T i m e






T i m e





E la p s e d
T i m e
(m in . )
2 1 0 2 5
2 1 1 0 6
2 1 2 4 5
2 1 3 2 5
G r o s s
C o u n t
(c p m )
1 4 3 2 6 6
1 4 5 4 3 6
14 3 9 2 8
1 4 3 8 2 2
1 4 1 2 7 1
N e t C o u n t
(c pm )
14 0 2 5 5
14 2 4 2 5
14 0 9 17
1 4 0 8 1 1
13 8 2 6 0
D e c a y
C o r r e c t i o n
1 3 0 3 0
1 3 0 4 4
1 3 0 5 3
1 3 0 6 6
1 3 0 8 0
R a d o n
C o n c e n t r a t i o n
(p C i /l )













O n e - T a i l
9 5%
C o n f i d e n c
e L e v e l








S a m p le R u n 7 a
C a l i b r a t i o n D a t a
V i a l P r e
W e i gh t
P o s t
W e i g li t
C r o s s
S c i n t .
M a s s ( g )
W a t e r
M a ss ( g )
L SC T im e
(m l n )
C o u n t
T i m e ( m i n . )
W e i g l i tSa m p l e
B l a n k 1
C o m i t A c t i v i t y
50 0 0
7 2 8 7 1
9 5 2 p C i 9 4 8 3 9 6
D e n s i t y : 1 0 0 C o u n t S t a rt : 8/ 1 1/9 5 0 : 0 9
B a c k g r o u n d C o u n t : 3 1 56
C a l i b r a t i o n F a c t o r 7 1 4 : 10 0 7
C a l i b r a t i o n F a c t o r 9 5 2 : 9 9 3
A v g C F : 10 0 0
t o
R a d o n
C o n c e n t r a t i o n
(p C i /1
P r e
W e i gh t
P o s t -
W e i gh t
C o l l e c t i o n
T i m e
r : m i w
9 : 1 1
C o u n t
T im e
E l a p s e d G r o s s
C o u n t
c p m
2 5 0 0 7 5
s a m pl e
M a s s ( g )
C o l l e c t i o n
D a t e
N e t C o u n t
( c p m )
D e c a j
C o r r e c t i o n
S a m p l e 1 . 6 4 5 aT i m e
2 5 5 3 8 / 10 / 9 5 19 8 1 0 24 6 9 1 9 1 2 8 3 2 3 3 , 0 8 3
3 4 6 9 8 / 10 / 9 5 19 8 6 0 2 4 5 9 2 1 2 4 2 7 6 5 1 2 8 4 1 3 4 ,3 7 7
2 5 7 0 3 5 4 6 8 / 10 / 9 5 19 9 0 0 2 5 4 7 58 2 5 1 6 0 2 1 2 8 4 7 3 3 , 12 7
2 5 5 6 2 5 99 74 2 5 6 8 18 2 8 5 4 3 4 . 9 4 0 34 24 38 / 10 / 9 5 1 9 9 4 1
1 2 8 6 03 6 18
3 4 9 4
19 9 8 3 2 9 63 9 1 2 9 3 2 3 5 3 5 . 6 8 71 0 / 9 5
8/ 10 / 9 52 5 5 3 26 9 4 6 0 2 8 5 36 . 8 0 71 9 9 2 2 2 7 26 16
2 5 6 7 19 9 6 1 2 7 0 2 16 3 6 3 8 28 / 0 / 9 5 2 6 7 0 6 0 2 8 5 7
3 4 2 4 2 3 6 8 4 4 3 5 ,2 7 48 / 10 / 9 5 2 0 0 0 9 2 4 0 0 0 0 2 86 5
3 5 12 48 / 10 /9 5 2 0 0 5 1 2 6 13 8 4 2 5 8 2 2 8 1 2 87 1 3 4
,
0 2 9
2 5 7 4
2 5 7 0
3 4 7 4
3 4 7 4
23 4 5 9 0
8 9 2 4 2
2 3 14 3 4
8 6 0 8 6
1 2 8 7 9 33 , 1 2 7
1 2 J 3 6
8 / 10 / 9 5
8 / 10 / 9 5
2 0 0 9 9
19 8 9 4 1 2 84 6
2 5 7 0 3 4 6 7 8 / 10 / 9 5 20 0 1 3 8 76 0 9 8 4 4 5 3 1 2 86 5 12 . 1 1 6
3 5 2 9 8 / 10 /9 5 20 1 3 7 9 4 2 4 7 9 10 9 1 1 2 8 8 5 1 2 , 1 2 8
3 4 7 2 8 / 10 /9 5 20 2 4 5 2 2 09 10 1 8 8 7 8 6 2 1 2 9 0 3 1 2 , 3 1 2
2 5 4 9
2 5 6 1
3 4 6 6 8 / 1Q/ 9 5
8 / 10 / 9 5
2 0 3 6 4 8 9 8 1 1 8 6 6 5 5
16 3 3 8
1 29 2 2 12 . 2 1 4
1 9 4 9 4 2
,
0 3 41 1 : 1 8 1 6 2 0 0 2 26 2
2 5 7 1 3 4 7 7 16 7 2 0 1 73 6 88 / 1 0 / 9 5 1 : 1 8 1 4 2 1 2 2 3 4 3
2 5 5 6 3 3 9 3 8 / 10 /9 5 17 2 3 0 1 5 5 6 0 12 4 0 4 2 42 2
2 5 5 3 8 / 0 / 9 5 1 : 1 9 50 0 0 1 7 7 4 0 13 7 8 0 0 6 2 4 1 2 5 0 2 1 , 5 2 2
2 5 5 2 3 4 4 2
3 3 9 7
8 / 10 /9 5 1 1 : 19
14 :0 6
5 0 0 0
50 0 0
18 2 5 0 12 8 5 8 2 5 8 316 0 1 4
4 4 0 42 5 6 6 8 / 0 /9 5 6 8 4 0 1 0 89 9
2 5 6 6 3 4 5 4 8/ 10 / 9 5 50 0 0 7 36 0 4 4 3 4 1 0 9 7 1
2 5 5 4 3 4 5 5 8 / 10 / 9 5 50 0 0 7 8 7 0 4 3 6 6 1 1 0 4 2
2 5 6 0 3 5 5 6 83 7 0 4 6 8 48 / 1 0 / 9 5 1 4 :0 7 5 2 8 1 1 1
2 5 6 8 3 5 2 9 8 / 0 / 9 5 4 :0 7 5 0 0 0 8 8 8 0 4 8 1 4 1 1 1 8 3
S a m p le R u n 7 a
We l l S a m p l e
P r e
W e i gh t
JML
2 5 5 1
Po s t -
W e i gh t
3 5 2 9
Sa m p l e
W e i g h t
( g )
9 7 8
C o l l e c t i o n
D a t e
8 / 10 ' 9 5
C o l l e c t i o n
T im e
(h r : m t n )
13 :3 4





( n J n )
6 1 8
E l a p s e d
T im e
12 2 8 0
G r o s s
C o u n t
7 1 6 8
N e t C o u n t
( c p m )
4 0 12
D e c a y
C o r r e c t i o n
1 16 7 2
R a d o n
C o n c e n t r a t i o n
( p C i / l )
4 7 9
1 6 45 a
2 8
2 5 6 5 3 5 8 6 1 0 2 1 8 / 10 / 9 5 13 ;3 4 50 0 0 6 69 12 7 9 0 7 4 8 8 4 3 3 2 1 1 7 4 7 4 9 9 2 8
2 5 6 9 3 5 3 1 9 6 2 8 / 10 ' 9 5 13 :3 5 50 0 0 7 2 1 13 3 0 0 7 7 2 6 4 5 7 0 1 1 8 2 3 5 6 2 3 0
2 5 5 3 3 5 2 8 9 7 5 8 ' 10 / 9 5 13 :3 5 50 0 0 7 7 2 13 8 1 0 7 7 9 8 4 6 4 2 1 1 8 9 9 5 6 7 3 0 53 6
1 1 a
2 5 5 6
2 5 5 7
3 5 3 1





1 Q/ 9 S
8 / 1 0 / 9 5
13 :3 5
13 :4 8
5 0 0 0
50 0 0
8 2 3 14 3 2 0 7 8 2 4
36 2 9 58 0 5 6 0 0
4 6 6 8
2 4 4 4
1 1 9 7 6












2 5 4 6
2 5 6 1
2 5 6 2
2 5 6 4
3 4 2 6
3 5 5 8
3 4 9 4





8 /1 0 '9 5
8 / 1 0 / 9 5
8 / 1 0 /9 5
8 / 1 0 / 9 5
13 :4 8
13 : 4 9
13 :4 9
13 : 4 9
50 0 0
5 0 0 0
5 0 0 0





10 0 9 0
10 6 0 0
1 1 1 1 0
1 16 2 0
5 4 9 6
5 6 2 2
5 7 8 4
5 7 2 4
2 3 4 0
2 4 6 6
2 6 2 8
2 5 6 8
1 1 3 5 4
1 1 4 2 8
1 1 5 0 1









S a m p le R u n 7b
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
7 14 p C i
9 5 2 ££i
V i a l





We i g h t
( g )
2 5 4 7
N / A
N / A
P o s t -
W e i g h t
3 5 4 5
N ' A
N / A
Sc i n t .




W a t e r




C o u n t
T i m e (m i n . )
5 0 0 0
1 4 0
1 0 5
L SC T im e




D e n s it y : 1 0 0 C o u n t S t a r t : 8 / 10 / 9 5 5 : 3 4
G r o s s
C' o u n t
(c p m )
3 0 7 0
7 15 1 43
9 5 2 7 62




B a c k g r o u n d C o u n t : 3 0 7 0
C a l i b r a t i o n F a c t o r 7 14 : 9 9 7
C a l i b r a t i o n F a c t o r 9 5 2 : 9 9 8
A v g C F : 9 9 7
W e U Sa m p l e
P r e -
W e i g h t
( g )
2 5 5 4
2 5 7 8
2 5 7 1
P o s t -
W e i g h t
3 4 3 3
3 6 2 0
3 4 7 0
Sa m p l e
M a s s ( g )
8 7 9
1 0 4 2
8 9 9
C o l l e c t i o n
D a t e
8 /9 / 9 5
8 / 9 / 9 5
8 / 9 /9 5
C o l l e c t i o n
T im e
i r : n i i n )
18 : 5 5
l i 5 5
5 5
C o u n t
T im e
3 3 8 8
2 8 9 7
3 2 5 8
L SC
T im e




E l a p s e d
T im e
(m i n . )
7 12 1
7 4 4 5
7 7 6 7
G r o s s
C o u n t
( c p n i )
2 9 5 16
3 4 5 1 8
3 0 7 0 0
N e t C o u n t
( c pm )
2 6 4 4 6
3 1 4 4 8
2 7 6 3 0
D e c a y
C o r r e c t i o n
1 0 9 3 8
1 0 9 8 3
1 1 0 2 7
K a d o n
Co n c e n t r a t i o n




3 , 3 2 3
3 , 3 9 8










2 5 5 2 3 5 3 4 9 8 2
2 5 6 2 3 4 5 7 8 9 5
8 / 9 / 9 5
8 /9 /9 5
18 56
56
2 9 7 7
5 0 0 0
2 16 8 3 9 1 3 3 6 0 4 3 0 5 3 4 1 1 1 14
26 8 8 8 1 0 1 32 24 1 0 1 5 4 1 1 17 3
3 , 4 6 5
1 , 2 7 1
6 4
3 7
2 5 5 1 3 5 2 4 9 7 3 8 / 9 / 9 5 5 7 5 0 0 0 3 1 9 9 3 1 0 1 4 4 3 0 1 1 3 6 0 1 1 2 4 4 U 16 3 6
2 5 6 3 3 4 7 7 9 14 8 / 9 / 9 5 5 7 5 0 0 0 3 7 0 9 8 2 0 1 32 8 4 1 0 2 14 1 1 3 16 1 , 2 6 8 3 7
9 1
8b 2 5 6 1 3 4 9 8 9 3 7 8 /9 / 9 5 57 5 0 0 0 4 2 2 1 0 3 4 0 1 4 3 7 8 1 1 3 0 8 1 1 3 9 0 13 7 8 3 7 1, 3 16
8b 2 5 6 6
2 5 5 1
3 4 0 0
3 5 3 0
8 3 4 8 / 9 / 9 5 5 7 5 0 0 0 47 3
9 7 9 8
' 9 ' 9 5 4 3 4 1 74 5 1 6
1 2 8 4 0
2 39 6 7
9 7 7 0
2 0 8 9 7
1 14 6 4
1 1 5 5 2
M 4 6
2 , 4 7 2
4 0
4 9
2 5 6 9 3 3 9 8 8 2 9 8 9 / 9 5 4 3 5 0 0 0 56 7 1 1 9 3 0 1 9 8 4 4 1 6 7 7 4 1 1 6 2 1
2 5 6 4 3 5 0 6 9 4 2 8 ' 9 / 9 5 18 4 3 4 4 56 6 1 3 1 2 4 1 7 2 2 4 4 4 1 9 3 7 4 1 1 6 9 2
2 3 5 7 4 9
2 , 4 1 1 4 9
4 8
2 5 6 3 3 4 7 2 9 0 9 8 / 9 / 9 5 4 4 4 5 6 9 6 5 9 12 8 6 2 2 18 8 7 18 8 1 7 1 17 5 8 2 , 4 4 0 50 2 , 4 3 1
2 5 6 7 3 6 3 4 1 0 6 7 8 / 9 / 9 5 4 4 3 9 4 6 7 0 0 13 3 0 3 2 5 3 4 2 2 2 2 7 2 1 18 2 3 2 , 4 7 4 4 8 4 9
10
10
2 5 7 1 3 4 7 6 9 0 5 8 9 / 9 5 18 5 5 4 0 6 2 7 4 2 13 6 0 7 2 4 6 2 1 2 1 5 5 1 1 18 6 8 2 , 83 4 56
2 5 5 6 3 5 2 8 9 72 8 /9 / 9 5 5 5 3 9 0 1 7 8 2 14 0 1 5 2 5 6 3 4 2 2 5 6 4 1 19 3 0 2 , 7 7 6 5 4







2 5 7 1 3 6 1 7 10 4 6 8 9 / 9 5 56 3 7 1 8 8 6 0 14 7 9 4 2 6 8 9 9 2 3 8 2 9 1 2 0 4 7
2 5 7 7
2 5 7 6
2 5 6 4
2 5 4 7
2 5 6 1
3 4 6 7
3 5 4 0
3 4 5 1
3 4 8 8






8 /9 / 9 5
8 / 9 / 9 5
8 / 9 / 9 5
8 /9 / 9 5
8 / 9 -' 9 5
5 0 0 0
5 0 0 0
50 0 0







15 6 5 0
16 16 0
16 6 7 0
17 18 0
17 6 8 0
1 0 7 2 4
1 13 3 2
1 1 0 2 4
1 0 9 2 2
1 1 0 4 6
7 6 5 4
8 2 6 2
7 9 5 4
7 8 52
7 9 7 6
1 2 17 8
1 2 2 5 6
1 2 3 3 5
1 2 4 1 5




1 , 0 5 0
1 , 0 5 3
1, 10 9
1, 0 3 9








S a m p le R u n 7 (n e w w e l l s )
C a l i b r a t i o n D a t a
S a m p l e
B l a n k
B l a n k 2
7 14 p C i
9 5 2 p C i
V i a l





P i e -
W e l g h t
M
2 5 4 7
2 5 4 1
N / A
N ' A
P o s t -
W e i g h t
3 5 4 5
3 5 5 4
N / A
N / A
Sc i n t .





W a t e r






C o u n t





L S C T i m e





G r o s s
C
'
o u n t
(c p m )
3 1 5 4
2 9 4 6
7 18 4 2 9
9 3 9 6 2 6
A c t i > i t y






B a c k gr o u n d C o u n t : 3 0 5 0
C a l i b r a t i o n F a c t o r 7 14 ; 10 0 2
C a l i b r a t i o n F a c t o r 9 5 2 : 9 8 4
A v g C F : 9 9 3




S a m p l e
P r e -
W e i g h t
(g )
2 5 6 9
2 5 56
2 5 54
Po s t -
W e i g h t
( ?)
3 5 2 4
3 5 5 5
3 5 4 8
Sa m p l e




C o l l e c t i o n
D a t e
8 / 7 /9 5
8 / 7/9 5
8 / 7/ 9 5
C o l l e c t i o n
T im e




C o u n t
T im e
(m i n )
3 1 4 7
3 0 4 6
3 1 5 1
L SC
T im e




E l a p s e d
T im e
(m i n . )
6 2 4 3
6 5 5 8
6 8 8 2
G r o s s
C o u n t
(c p m )
3 1 7 7 6
3 2 8 5 0
3 1 7 3 6
N e t C o u n t
( c p m )
2 8 7 2 6
2 9 8 0 0
2 8 6 8 6
D e c a y
C o r r e c t i o n
1 0 8 18
1 0 8 6 1
1 0 9 0 5
R ad o n
C o n c e n t r a t i o n
( p C i/ 1)




3 , 17 0











3 4 8 3
3 5 0 6
9 1 1
9 4 8
8 / 7/ 9 5
8 /7 /9 5
10 : 13
10 :2 1
3 4 3 9 2 7 0 7 52 8 2 90 8 4 2 6 0 3 4 1 0 9 9 4 3 , 16 4
50 0 0 3 2 1 7 8 8 0 1 60 0 4 1 2 9 5 4 10 4 3 1, 5 2 0
2 5 6 8 3 6 0 7 1 0 3 9 8 '7 / 9 5 10 : 2 2 5 0 0 0 3 7 2 8 3 8 0 1 5 4 8 0 1 2 4 3 0 1 1 1 13 1, 3 3 9






1 5 2 5 7 2 3 5 3 3 9 6 1 8 / 7/ 9 5 10 : 2 2 5 0 0 0 4 7 5 9 4 1 0 1 6 0 4 0 1 2 9 9 0 1 1 2 5 8 1, 5 3 3 3 6 1, 4 66






2 5 6 2
2 5 6 5
2 5 6 6
2 5 6 8
2 5 6 1
3 5 9 0
3 5 4 6
3 6 2 2
3 6 6 9
3 5 0 2
1 0 2 8
9 8 1
1 0 5 6
1 1 0 1
9 4 1
8 / 7/ 9 5
8 ' 7/ 9 5
8 / 7/ 9 5
8 / 7/ 9 5
8 /7 / 9 5
1 1 :0 3
1 1 :0 3
1 1 :0 4
1 1 :0 4
1 1 :0 5
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0






10 0 2 0
10 5 3 0
1 10 4 0
1 1 5 5 0
12 0 5 0
6 9 18
6 5 7 8
6 5 6 8
6 8 54
6 1 8 0
3 8 6 8
3 5 2 8
3 5 18
3 8 0 4
3 1 3 0
1 1 3 4 4
1 14 18
1 1 4 9 1
1 15 6 5
1 16 3 8
3 8 6
C a l i b r a t i o n D a t a
S a m pl e
B l a n k 1
7 14 p C i
9 5 2 p C i
V i a l





P r e -
W e i g h t
2 5 4 7
S a m p le R u n 7 ( t e s t )
N / A
N / A
P o s t -
W e i gh t
3 5 4 5
N / A
N / A
Sc i n t




W n t e r




C o u n t
T im e (m i i i )
5 0 0 0
1 3 9
1 06
L SC T im e




D e n s it y : 1 0 0 C o u n t S t a rt : 8 / 1 1/ 9 5 0 : 0 9
G r o s s
C o u n t
3 1 5 6
7 2 18 7 1
9 4 8 3 9 6




B a c k gr o u n d C o u n t : 3 1 5 6
C a l i b r a t i o n F a c t o r 7 14 : 10 0 7
C a l i b r a t i o n F a c t o r 9 52 : 9 9 3
A v g C F : 10 0 0
5 M i n u t e P u r g e
We l l S a m p l e
P r e -
W e i g h t
i si
2 5 7 0
2 5 7 0
2 5 6 1
P o s t -
W e i gh t
3 4 7 4
3 4 6 7
3 5 2 9
Sa m p l e




C o l l e c t i o n
D a t e
8 / 10 ' 9 5
8 / 10 / 9 5
8 / 10 / 9 5
C o l l e c t i o n
T im e
(l i r : n i i n )
9 : 5 3
9 : 5 3
9 : 5 3
C o i m t
T h n e
(m i n . )
1 1 2 1








E l a p s e d
T im e
(m h i . )
19 89 4
2 0 0 1 3
2 0 13 7
G r o s s
C o u n t
8 9 2 4 2
8 7 6 0 9
9 4 2 4 7
N e t (
'
o u n t
(c p m )
8 6 0 8 6
8 4 4 5 3
9 10 9 1
D e c a y
C o r r e c t i o n
1 2 8 4 6
1 2 8 6 5
1 2 8 8 5
R a d o n
C
'
o n r e n t r a t i o n




12 , 1 1 6
12 , 1 2 8




2 5 5 1 3 4 7 2 9 2 1 8 / 10 / 9 5 9 : 54 1 1 0 0 1 1 75 2 0 2 4 5 9 10 18 8 7 8 6 2 1 2 9 0 3 12 3 1 2 2 10
2 5 4 9 3 4 6 6 9 1 7 8 / 10 / 9 5 9 : 54 1 1 1 4 1 18 7 2 0 3 6 4 8 9 8 1 1 8 6 6 5 5 1 2 9 2 2 2 0 9
1 0 M i n u t e P u r g e
1 2 5 3 5
2 5 6 6
2 5 83
3 4 3 8
3 5 6 6




8 / 10 / 9 5
8 / 1 0 / 9 5
8 / 1 0 / 9 5









2 0 4 3 9
2 0 5 4 2
2 0 6 5 1
9 7 9 8 2
10 5 0 7 4
10 2 1 4 3
9 4 8 2 6
10 19 1 8
9 8 9 8 7
1 2 9 3 4
1 2 9 5 1
1 2 9 6 9








2 5 7 1 3 5 0 3 9 3 2 8 / 10 / 9 5 9 : 59 10 2 2 12 3 0 2 0 74 9 9 7 9 3 5 9 4 7 7 9 1 2 9 8 5 1 3 , 2 0 8 2 2 5 13 2 9 2
2 5 4 3 3 5 2 5 9 8 2 8 / 10 / 9 5 9 : 59 9 7 7 12 4 1 2 0 86 1 10 2 3 9 5 9 9 2 3 9 1 3 0 0 3 1 3 , 1 4 4 2 2 4 17 6
1 5 M i n u t e P u r g e
1 2 5 5 5
2 5 6 0
2 5 6 9
3 4 7 4
3 4 9 5




8 / 10 / 9 5
8 / 1 0 / 9 5
/ 1 0 / 9 5









2 0 9 0 1
2 10 1 1
2 1 1 1 0
10 2 8 4 7
10 2 1 0 2
9 9 8 4 0
9 9 6 9 1
9 8 9 4 6
9 6 6 8 4
1 30 10
1 3 0 2 8
1 3 0 4 4
1 4 , 1 16
13 , 7 9 0




2 5 6 1 3 5 2 8 9 6 7 8 / 10 / 9 5 10 :0 6 9 4 0 12 8 3 2 12 1 3 10 6 4 15 10 3 2 5 9 1 3 0 6 ! 1 3
,
9 5 1 23 7 13 8 23
2 5 7 3 3 4 8 2 9 0 9 8 / 1 0 / 9 5 10 :0 6 10 2 6 12 9 4 2 13 1 9 9 7 5 8 3 9 4 4 2 7 1 3 0 7 9 23 2 2 13
S a m p l e R u n 7 (H ig h E f i c i e n c y C o u n t T e s t)
N o r m a l C o u n t : C a l i b r a t i o n D a t a
S a m p l e We i g h t
B a n k l
B l a n k 2
B a n k 3
B a n k 4
9 5 2 pC i
P r e
W e i g h t
2 5 4 7
2 5 4 1
2 5 6 2
2 5 3 1
N / A
N /A
P o s t -
W e i g h t
3 5 4 5
3 5 5 4
3 5 7 9
3 5 4 1
N / A
N / A
W a t e r







Sc i n t .







C o u n t
T i m e ( m i n . )
5 0 0 0





L SC T im e







G r o s s
C o u n t
i £E 2l
3 2 0 4
3 1 6 2
3 0 7 6
3 2 5 2
7 4 13 3 3
9 4 4 3 40







B a c k gr o u n d C o u n t : 3 1 7 4
C a l i b r a t i o n F a c t o r 7 14 : 10 3 4
C a l i b r a t i o n F a c t o r 9 5 2 : 9 8 9
A v g C F : 10 1 1
D a i s i t v : Co u n t S t a rt :
P o s t -
W e i g h t
/ 12 /9 5 13 : 1 6
c
C o ll e c t i o n
T h n e
h n m i n )
E l a p s e d R a d o n
C o n c e n t r a t i o n
(p C I / l
P r e
We i g h t
C o u n t l » r o s s
C o u n t
S a m p l e
M a s s ( g )
C o l l e c t i o n
D a t e
N e t C o u n t
( c p m )
D e c a y
C o r r e c t i o n
S a m p l e T u n e T Ui i e
f m l n . )
1 0 4 3 72 5 6 2 36 4 7 8 / 12 / 9 5 50 0 0 34 0 0
/ 1 2/ 9 5 7 0 2 6 1 0 4 7 82 5 4 9 3 5 9 1 10 4 2 5 0 0 0
/ 1 2/ 9 5 1 0 5 4 436 1 4 50 0 0 4 2 0
/ 1 2 ' 9 5 1 : 5 2 4 7 2 0 6 5 8 6 1 0 6 12
/ 1 2 / 9 5 6 6 9 6 1 0 6 7 93 5 0 0 50 0 0




W e i g h t
C o u n t G r o s s
C o u n t
( c p m )
P o s t
W e i g h t
L SC T im e
(m i n )
S c in t
M a s s ( g )
S a m pl e W e i g h t \ c t i v i t >
B l a n k 1 1 6 7 9 2 5 4 7 50 0 0
7 14 p C i 6 1 6 1 9 6
9 5 2 p C i 7 5 9 3 18
D e n s i t y : 1 0 0 C o u n t S t a rt : 8 / 12 / 9 5 2 1 : 0 1
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2 1 0 5 3 7 4 5 16 4 0 8 / 2 1 9 5 9 : 4 3 3 1 4 6 1 3 9 4 1 4 3 1 8 7 9 0 3 15 6 2 3 1 1 2 5 8 2 1
,
8 7 8 3 6 3
2 1 10 15 3 2 1/ 2 1 ' 9 5 6 2 4 9 5 2 4 3 1 0 6 8 3 3 0 7 5 16 1 1 2 7 4 2 2
,
8 5 0 3 8 0
2 1 0 2 3 6 7 7 15 7 5 8 / 2 1 / 9 5 3 1 4 9 6 1 4 3 19 2 9 9 3 16 1 3 2 1 1 2 8 7 2 2 , 8 7 5 3 8 0
3 5 9 3 14 8 1 8 / 2 1 / 9 5 3 3 6 6 4 4 9 7 0 3 2 9 8 1 5 5 2 9 4 9 f 1 1 2 9 9 2 2
,
7 2 5
8 / 2 1 ' 9 5 9 4 5 3 2 7 9 8 0 4 3 0 3 1 3 3 1 1 3 14 2 2 J 7 0 3 7 2
2 0 9 8 3 6 20 15 2 2 1/ 2 1 / 9 5 3 2 6 6 6 4 9 8 9 4 3 0 7 0 2 5 3 0 3 8 5 8 1 1 3 2 6 2 2
,
8 3 3 3 7 9
2 1 0 7 15 0 2 i/ 2 1 ' 9 5 9 4 7 6 7 5 9 9 9 3 2 9 9 4 3 1 2 9 6 2 6 4 1 1 3 4 1 2 2
,
5 8 7 3 7 6
15 6 2 2 1 / 9 5 9 :4 8 10 0 7 4 3 1 8 7 5 8 3 15 5 9 1 1 1 3 5 2 2 3
,
1 6 0 3 8 5
8 / 2 1 / 9 5 9 :4 8 3 1 5 3 1 7 5 5 6 3 14 3 8 9 1 1 3 6 7 2 3
,
1 8 9 3 8 5
2 1 2 1 8 / 2 1 / 9 5 9 : 4 9 3 2 7 30 6 2 6 9 3 0 3 1 0 2 1 3 7 9 2 2 , 9 7 3 3 8 2 3 9 1
S a m p le R u n 9 a
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 5
B l a n k 6
7 14 p C i
V ia l







W e i g h t
H I
2 5 4 7
2 5 4 1
2 5 5 0
2 5 5 3
N /A
Po s t -
W e i g h t
3 5 4 5
3 5 54
3 5 5 1
3 5 5 3
N / A
Sc l n t .






W a t e r






C o u n t






L SC T im e






2 3 3° o
2 3 0 %
2 1 4%
1 2 5» o
0 2 ' ?
G r o s s
C o u n t
( c p m )
3 1 3 2
3 1 7 8
3 0 7 4
2 9 18
7 3 5 3 2 8
D e n s i t y : 1 0 0 C o u n t S t a rt : 9 / 1 / 9 5 13 : 2 4






B a c k g r o u n d C o u n t : 3 0 7 6
C a l i b r a t i o n F a c t o r 7 14 : 10 2 6
A dj u s t e d C F : 10 15
W e l l S a m p l e
P r e -
W e i g h t
( g )
2 5 4 6
2 5 3 8
2 5 4 9
Po s t -
W e i g h t
J g L
3 5 2 5
3 5 6 9
3 5 4 3
Sa m p l e




C o l l e c t i o n
D a t e
9 / 1 / 9 5
9 / 1 / 9 5
9 / 1/ 9 5
C o l l e c t i o n
T im e




C o u n t
T im e










E l a p s e d
T im e
(m i n . )
7 4 1 4
7 4 4 5
7 4 7 5
G r o s s
C o u n t
i £ES L
3 2 0 1 6 0
3 3 6 2 4 2
3 2 4 3 0 4
N e t C o u n t
( c p m )
3 17 0 8 5
3 3 3 1 6 7
3 2 12 2 9
D e c a y
C o r r e c t i o n
1 0 9 7 8
1 0 9 8 3
1 0 9 8 7
L t i m .
0 3 ° b
0 2 <! o
0 3 %
R a d o n
C o n c e n t r a t i o n
( p C i / L )




3 4, 9 8 1





6 6 = F
O
2 5 5 3 3 4 3 6 8 8 3 9 / 1 9 5 8 :4 1 3 3 2 4 7 0 7 5 1 3 3 0 12 9 5 2 9 8 2 2 0 1 0 9 9 2 0 3 % 3 6 , 5 7 5 6 0 8 3 5 , 5 8 1
2 5 3 4
2 5 4 4
3 4 2 1
3 4 5 0
8 8 7
9 06
9 / 1/ 9 5







7 5 5 3 3 0 0 6 6 1 2 9 7 5 8 6
7 5 6 8 15 7 3 5 8 15 4 2 8 3
1 0 9 9 8
1 10 0 0
0 3 ' ! o
0 5%
3 6, 3 5 1
18 , 4 5 4
2 5 3 5 3 4 5 7 9 2 2 9 / 1 / 9 5 8 :4 6 6 18 4 89 7 6 3 9 16 19 0 9 15 88 3 4 1 10 0 9 0 5 % 18 , 6 8 6










2 5 4 2
2 5 3 6
2 5 4 1
2 5 3 4
2 5 3 7
2 5 4 8
2 5 3 1
2 5 4 7
2 5 5 6
2 5 0 3
2 5 3 2
2 5 19
3 4 0 6
3 4 0 8
3 4 8 9
3 4 9 5
3 5 4 1
3 5 2 8
3 5 0 1
3 3 7 6
3 4 1 7
3 4 5 6
3 3 4 6













9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
8 :4 7
8 :4 7
9 : 1 2
9 : 1 2
9 : 1 2
9 : 1 2
9 : 13
10 : 2 5
10 : 2 5
10 : 2 6
10 : 2 6








4 8 6 6
5 0 0 0
4 6 9 3
5 0 0 0















7 6 8 1
7 76 1
7 8 5 3
7 9 3 2
8 0 0 2
4 12 7
4 6 4 0
5 13 5
5 6 4 0
6 1 1 8
1 56 4 0 6
1 54 4 4 4
12 9 7 8 0
12 7 7 5 2
13 52 1 6
13 0 9 9 5
13 13 5 2
2 0 5 5 1
19 6 7 0
2 13 10
18 4 0 6
2 3 6 1 3
1 5 3 3 3 1
1 5 13 6 9
12 6 7 0 5
12 4 6 7 7
13 2 1 4 1
12 79 2 0
12 8 2 77
1 7 4 7 6
16 5 9 5
1 8 2 3 5
1 5 3 3 1
2 0 5 3 8
1 10 2 9
1 10 3 8
1 10 1 5
1 10 2 6
1 10 39
1 10 50
1 10 6 0
1 0 5 3 3
1 0 6 0 2
1 0 6 6 8
1 0 7 3 6










9 9 ° o
10 8 %
8 1%
1 9 j :8 3




1 4 , 3 1 4
1 4 , 2 1 1










1 , 9 9 2





























S a m p te R u n 9b
C a l i b r a t io n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k s
B l a n k 6
7 14 p C i
V i a l






P r e -
W e i g h t
L u m in e s c e n c e C o r r e c t i o n O n
2 5 4 7
2 5 4 1
2 5 5 0
2 5 5 3
N / A
P o s f -
W e i g l i t
3 5 4 5
3 5 5 4
3 5 5 1
3 5 5 3
N / A
Sc in t .






W a t e r
M a s s ( g )
9 9 8
1 0 13





o i m t
T im e ( m i n )
50 0 0
5 0 0 0
5 0 0 0
50 0 0
1 3 8
L S C T i m e





D en s i l v : 1 0 0 C o u n t St a rt : 9 / 2 / 9 5 12 : 2 1
2 0 8
L u m
2 1 5 0
2 2 4 ' ' b
2 2 2 ' ! b
15 7 %
0 3%
G r o s s
C o u n t
(t p n i )
2 9 3 0
3 1 4 2
3 2 4 8
3 1 7 4
7 2 7 3 19






B a c k gr o u n d C o u n t : 3 1 2 4
C a l i b r a t i o n F a c t o r 7 14 : 10 1 4





S a m p l e
P r e -
We l g h t
2 5 6 3
2 5 7 4
2 5 5 4
P o s t -
W e i g h t
3 5 59
3 6 0 3
3 5 1 5
Sa m p l e




C o l l e c t i o n
D a t e
9 / 1 / 9 5
9 / 1/ 9 5
9 / 1/ 9 5
C o l l e c t i o n
T im e
(h r : m l n )
15 : 56
15 : 57
15 : 5 8
C o u n t
T im e
(m i n . )
3 2 9 4
3 3 4 9
3 5 1 7
L SC
T i m e




E l a p s e d
T im e
(m i n )
14 5 1 5
1 4 8 4 3
15 19 4
G r o s s
C o u n t
3 0 3 5 8
29 8 6 3
2 8 4 3 3
N e t C o i m t
(c p m )
2 7 2 3 5
2 6 7 4 0
2 5 3 10
D e c a y
C o r r e c t i o n
1 20 0 5
1 2 0 5 5
1 2 10 8




R a d o n
C o n c e n t r a t i o n
( p C i /L )
3 , 2 7 0






















2 5 6 6 3 5 8 3 10 1 7
2 5 5 4
2 5 6 4
2 5 6 7
2 5 7 9
2 5 6 1
2 5 6 6
2 5 6 2
2 5 6 1
2 5 6 7
2 5 5 5
2 5 6 6
2 5 6 0
2 5 7 4
2 5 6 8
2 5 6 4
3 4 2 9
3 4 9 7
3 4 6 8
3 4 6 3
3 4 7 4
3 4 8 0
3 5 1 4
3 5 4 0
3 4 7 0
3 5 5 2
3 5 2 1
3 4 5 1
3 5 4 5
3 4 9 9
















9 / 1 / 9 5
9 / 1/ 9 5
9 / 1 ' 9 5
9 / 1 / 9 5
9 / 1 / 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1 / 9 5
9 / 1 / 9 5
9 - 1 / 9 5
9 / 1 / 9 5
9 / 1 / 9 5
9 / 1/ 9 5






1 5 : 1 5
1 5 : 1 5
15 : 1 5




15 : 2 4
15 : 2 4
15 :2 4
34 0 0
4 1 7 9
4 0 3 0
4 2 3 9
4 3 9 1
4 3 1 5
4 2 9 2
4 1 6 6
4 2 4 1
4 3 5 9
4 0 6 2
50 0 0




















16 5 2 1
16 9 3 9
17 3 6 8
1 7 8 0 0
18 2 5 4
18 9 3 5
19 3 7 2
19 8 0 8
2 0 2 4 2
20 6 7 7
2 1 0 7 0
2 1 5 8 0
2 2 0 9 0
2 2 6 0 0
2 3 1 2 0
23 9 2 9
2 4 8 14
2 3 5 9 0
2 2 7 7 4
2 3 1 8 4
2 3 3 0 8
2 4 0 0 6
2 3 5 8 6
2 2 9 4 1
24 6 2 1
10 6 6 2
9 9 8 6
10 8 3 4
10 4 0 8
10 2 3 4
2 6 2 8 9
2 0 8 0 6
2 16 9 1
2 0 4 6 7
19 6 5 1
2 0 0 6 1
2 0 1 8 5
2 0 8 83
2 0 4 6 3
19 8 1 8
2 14 9 8
7 5 39
6 8 6 3
7 7 1 1
7 2 8 5
7 1 1 1
1 2 2 18
1 2 3 12
1 2 3 7 7
1 2 4 4 4
1 2 5 12
1 2 5 8 4
1 2 6 9 2
1 2 7 6 2
1 2 8 3 2
1 2 9 0 2
1 2 9 7 3
1 3 0 3 8
1 3 12 2
1 3 2 0 6
1 3 2 9 1
1 3 3 7 9
l 9 ° b




2 2 ° b
2 3 ' ; b
2 4 ° b
2 6 ° o
2 3 %






3 , 1 4 6




2 , 8 1 6
2 , 7 7 1
2 , 7 5 4




2 , 6 7 2
2 , 8 2 1
2 , 7 8 7
1 , 0 2 5
1 , 0 0 7
1 , 0 4 5
1 , 0 3 6






















6 6 ° F
2 7 7 2
5 8
R





S a m p l e R u n 9 c
C a l i b r a t i o n D a t a L u m i n e s c e n c e C o r r e c t i o n O n
S a m pl e
B l a n k 1
B l a n k 2
B l a n k s
B l a n k 6
7 14 p C i
V i a l
W e l g l i t
16 7 9
1 6 7 2
1 6 7 8
16 7 2
N /A
P r e -
W e i g li t
2 5 4 7
2 5 4 1
2 5 5 0
2 5 5 3
N / A
Po s t -
W e i g h t
M
3 5 4 5
3 5 5 4
3 5 5 1
3 5 5 3
N / A
Sc i n t .






W a t e r
M a s s ( g )
9 9 8
1 0 1 3
1 0 1 7
1 0 1 0
N / A
C o m i t
T im e (m i n )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 8
L SC T im e





D e n s i t y : 1 0 0 C o u n t St a r t : 9 / 3 / 9 5 6 :2 0
20 8
L m i i
2 1 5%
2 2 4 < ! b
2 2 2 %
1 5 7%
0 3%
Ci r o s s
C o u n t
( c p m )
2 9 3 0
3 1 4 2
3 2 4 8
3 1 7 4
7 2 7 3 19






B a c k g r o u n d C o u n t : 3 1 2 4
C a l i b r a t i o n F a c t o r 7 1 4 : 10 1 4
A dj u s t e d C F : 10 0 4
W e U Sa m p l e
P r e -
We i g h t
M
2 5 2 2
2 5 4 2
Po s t -
W c i g l i t
36 40
3 5 3 2
Sa m p l e
M a s s ( g )
1 1 18
9 9 0
C o l l e c t i o n
D a t e
9 / 2 / ' 9 5
9 / 2 /9 5
C o l l e c t i o n
T im e
•
: m l n )
8 : 5 9
5 9
C o i m t
T im e
(m l n . )
5 0 0 0
5 0 0 0
L S C
T im e
(m i n )
5 1
10 3
E l a p s e d
T im e
(m i n . )
1 3 0 7 0
1 3 5 9 0
G r o s s
C o u n t
( c p m )
4 7 4 4
4 3 8 0
N e t C o u n t
( c p m )
16 2 1
12 5 7
D e c a y
C o r r e c t i o n
1 1 7 8 9
1 1 8 6 6
L u m
9 4 ° o
8 8%
R a d o n
C o n c e n t r a t i o i ^
(p C i / L )
1 7 0
1 5 0
1 6 4 5 CT
18
2 0 6 0 " F
2 5 5 1 34 6 3 9 12 9 '2 '9 5 5 9 50 0 0 15 4 14 10 0 4 5 4 0 14 17 1 1 9 4 2 9 9 % 1 8 5 2 2 18 2
O
2 5 4 2 3 5 9 6 10 54 9 / 2/ 9 5 0 0 5 0 0 0 2 0 5 14 6 0 0 5 0 7 4 19 5 1 1 2 0 1 8 6 8% 2 2 2 2 0 3 0
2 5 2 9 3 4 6 7 9 3 8 9 / 2 / 9 5
2 5 2 6 3 4 59 9 3 3 9 /2 / 9 5
5 0 0 0




1 6 0 5 0
9 6 4 0
7 2 2 2
6 5 1 7
4 0 9 9
1 2 0 9 7
1 2 2 3 9
3 5%
7 3%
2 5 4 4 3 4 8 6 9 4 2 9 / 2 / 9 5 5 0 0 0 3 5 9 1 6 5 6 0 7 1 3 4 4 0 1 1 1 2 3 1 8 6 6%









N o t e 1
6 2 = F





2 5 0 8 3 5 0 8 10 0 0 9 / 2 / 9 5 19 5 0 0 0




1 8 4 0 0
7 3 8 2
5 9 7 0
4 2 5 9 1 2 5 5 9 7 0 ' ' o 5 3 3
2 8 4 7 1 2 6 0 7 7 2 % 3 7 7
2 5 6 1 3 4 6 2 9 0 1 9 / 2 / 9 5 4 0 5 0 0 0 6 1 6 18 9 1 0 5 4 6 6 2 3 4 3 2 6 8 8 7 7 % 3 2 9






1 1a 2 5 6 2 3 4 2 5 8 6 3 9 / 2 / 9 5 4 1 5 0 0 0 7 1 9 19 9 3 0 5 4 0 8 22 8 5 1 2 8 5 2 7 6 % 3 3 9 2 7




2 5 7 5 3 5 4 0 9 6 5 9 /2
'
9 5 12 5 0 0 0 8 2 2 2 0 6 5 0 6 1 0 2 2 9 7 9 1 2 9 6 9 6 3 % 3 9 9
2 5 5 7 3 5 5 7 10 0 0 9 / 2 ' 9 5 13 5 0 0 0 8 7 3 2 1 15 0 6 1 9 0 3 0 6 7 1 3 0 5 1 5 9 % 3 9 9








2 5 5 1
2 5 6 4
3 5 7 8
3 5 5 2
10 2 7
9 8 8
9 / 2 /9 5
9 /2 / 9 5
13
9 : 14
5 0 0 0
5 0 0 0
9 7 6
1 0 2 7
2 2 18 0
2 2 6 8 0
6 1 0 4
5 9 7 2
2 9 8 1
2 8 4 9
1 3 22 1
1 3 3 0 5
5 5 ° b







S a m p le R u n 9 d (n e w w e l l s )
C a l i b r a t i o n D a t a
V i a l
W e i g h t
(g )
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 4






L u m i n e s r e n c e C o r r e c t i o n O n
P r e -
VV e i g h t
2 5 4 7
2 5 4 1
2 5 6 2
2 5 3 1
D e n s i t y :
N /A
Po s t -
W e i g h t
( g )
3 5 4 5
3 5 5 4
3 5 79
3 5 4 1
N / A
S c i n t






W a t e r
M a s s ( g )
9 9 8
1 0 1 3
1 0 1 7
1 0 10
N / A
O u n t
T im e (m i n . )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 8
L SC T im e








2 2 4 ° ;)
2 2 2 %
15 7%
0 3 » o
( J r o s s
C o u n t
( f p n i )
2 9 3 0
3 1 4 2
3 2 4 8
3 1 7 4
7 2 7 3 19
A c t i v i t y






B a c k g r o u n d C o u n t : 3 1 2 4
C a l ib r a t i o n F a c t o r 7 14 : 10 14





Sa m p l e
P r e
W e i g h t
( g )
2 5 , 6 5
2 5 6 1
2 5 5 4
P o s t -
W e i g h t
( g )
3 4 0 4
3 3 7 8
33 6 6
Sa m p l e




C o l l e c t i o n
D a t e
9 / 2 / 9 5
9 / 2 ' 9 5
9 / 2 / 9 5
C o l l e c t i o n
T i m e
(h r : m i i i )
10 :0 5
10 :0 5
10 : 0 6
C o u n t
T i m e
( n u n . )
5 0 0 0
5 0 0 0
5 0 0 0
L SC
T im e
(m i n . )
1 0 7 9
1 13 0
1 1 8 2
E l a p s e d
T im e
(m i n . )
2 2 6 9 0
2 3 2 0 0
2 3 7 1 0
G r o s s
C o u n t
( c p m )
1 10 5 8
1 0 1 6 0
1 0 4 0 6
N e t C o u n t
(c p m )
7 9 3 5
70 3 7
7 2 8 3
D e c a j
C o r r e c t i o n
1 3 3 0 6
1 3 3 9 2
1 3 4 7 8
L u m .
4 3 %
4 7 ° o
4 4 ' ^ 'o
R a d o n
C o n c e n t r a t i o n
1 , 2 5 4










16 2 5 5 7 3 4 6 8 9 1 1 9 / 2 /9 5 10 :0 6 5 0 0 0 1 2 3 3 2 4 2 2 0 1 1 0 3 2 7 9 0 9 1 3 5 6 5 4 1" i, 1
,







2 5 6 1
2 5 6 2
2 5 5 9
2 5 7 1
2 5 6 7
2 5 5 9
3 5 0 5
3 5 12
3 4 14
3 6 2 0
3 5 3 5
3 5 8 0






9 / 2 ' 9 5
9 / 2 /9 5
9 / 2 / 9 5
9 / 2 ' 9 5
9 / 2 / 9 5
10 :0 7
10 : 2 9
10 :3 0
10 : 3 0
10 : 3 1
10 : 3 1
5 0 0 0 1 2 8 4 2 4 7 2 0 1 1 8 3 0
3 4 4 7
3 7 0 9
3 0 4 4
3 2 2 5
3 0 5 0
1 3 2 0
1 3 5 8
1 3 9 0
1 4 2 3
1 4 5 5
2 4 9 3 8
2 5 2 9 5
2 5 6 4 8
2 5 9 5 9
2 6 2 8 8
29 0 1 1
2 6 9 6 7
3 2 8 5 5
3 1 0 0 8
3 2 7 9 3
8 7 0 7
2 5 8 8 8
2 3 8 4 4
2 9 7 3 2
2 7 8 8 5
2 96 70
1 3 6 5 1 4 1% 1 . 2 5 4
1 .3 6 8 8
1 3 7 50
1 3 8 1 1
1 3 8 6 5




























S a m p le R u n 9 (R e c o u n t A f t e r T w o W e e k s w i t h n o S h a k i n g)
C a l i b r a t i o n D a t a
V i a l
We i g h tS a m p l e
B l a n k 1
B l a n k 2
B l a n k 5
B l a n k 6






P r c -
W e i gl i t
2 5 4 7




P o s t -
W e i g h t
3 5 4 5
3 5 5 4
3 5 5 1
3 5 5 3
N / A
Sc in t .






W a t e r






C o u n t
T i m e ( m i n . )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 7
L SC T im e






G r o s s
C o u n t
3 1 3 2
3 1 7 8
3 0 7 4
2 9 1 8
7 3 5 3 2 8
A c t i v i t y






B a c k g r o u n d C o u n t : 3 0 7 6
C a l i br a t i o n F a c t o r 7 14 : 10 2 6
-Xd j u s t e d C F : 10 15
I n i t i a l C o i m t o f S a m p l e s D i r e c t ly F o l l o w i n g Sa m p l i n g ; S a m p l e s Sh a k e n f o r 4 p p r o x im a t e l j
' 1 5 Se c o n d s
O
W e l l S a m p l e
P r e -
W e i g h t
2 5 46
2 5 3 8
2 5 4 9
P o s t -
W e i g ht
3 5 2 5
3 5 69
3 5 4 3
Sa m p l e




C o ll e c t i o n
D a t e
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
C o l l e c t i o n
T im e
(l i r : m i n ^
! : 4 0
8 : 4 0
8 : 4 1











E l a p s e d
T im e
(m i n )
7 4 1 4
7 4 4 5
7 4 7 5
G r o s s
C o u n t
(c p m )
3 2 0 1 6
3 3 6 2 4 2
3 2 4 3 0 4
N e t C o u n t
(c p m )
3 1 7 0 8 5
3 3 3 1 6 7
3 2 12 2 9
D e c a y
C o r r e c t i o n
1 0 9 7 8
1 0 9 8 3
1 0 9 8 7
R a d o n
C o n c e n t r a t i o n
3 5 , 0 3 2
3 4 , 9 6 6
3 4 . 9 8 1






2 5 5 3 3 4 36 8 8 3 9 / 1/ 9 5 8 : 4 1 3 3 2 4 7 0 7 5 1 3 3 0 12 9 5 2 9 8 2 2 0 1 0 9 9 2 3 6 , 5 7 5 6 0 8 3 5 , 58 1
2 5 3 4
2 5 4 4
2 5 3 5
2 5 18
2 5 4 2
2 5 3 6
3 4 2 1
3 4 50
3 4 5 7
3 3 . 5 1
3 4 0 6
3 4 0 8






9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
8 : 4 6
8 : 4 7
8 : 4 7









7 6 3 9
7 6 9 6
7 7 7 8
7 8 4 8
1 6 19 0 9
1 4 6 5 7 4
1 5 6 4 0 6
1 5 4 4 4 4
15 8 8 3 4
14 3 4 9 9
15 3 3 3 1
15 13 6 9
1 10 0 9
1 10 1 7
1 10 2 9
1 10 3 8
1 8 , 4 5 4
1 8 , 6 8 6
18 , 6 9 9
19 , 2 8 3













S a m p l e R u n 9 (R e c o u n t A f t e r T w o W e e k s w i th n o S h a k i n g)
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
7 14 p C i
V i a l





P r e -
W c i gh t
2 5 4 7
2 5 4 1
2 5 6 2
N / A
P o s t -
W e i g h t
i s i
3 5 4 5
3 5 5 4
3 5 7 9
N /A
Sc i n t .





W a t e r





C o u n t
T i m e (m i n . )
5 0 0 0
50 0 0
5 0 0 0
1 3 7






G r o s s
C o i m t
3 1 2 2
3 1 9 6
3 0 4 2
7 2 9 9 2 7
A c t i v i t v





B a c k gr o u n d C o u n t : 3 1 2 0
C a l i b r a t i o n F a c t o r 7 14 : 10 1 8
A dj u s t e d C F : 10 0 7
O
0 0
S a m p l e s C o m i t e d A f t e r 1 2 D a y s S t o r a ge i n L a b ; S a m p l e s N o t Sh a k e n P r i o r t o C o u n t i n g
W e l l S a m p l e
P r e -
W e i gh t
2 5 4 6
2 5 3 8
2 5 4 9
P o s t -
W e i g h t
3 5 2 5
3 5 6 9
3 5 4 3
Sa m p l e




C o l l e c t i o n
D a t e
9 / 1/ 9 5
9 / 1/ 9 5
9 / 1/ 9 5
C o ll e c t i o n
T im e
Ch r : m l n )
8 : 4 0
8 : 4 0
8 : 4 1
C' o u n t
T im e
2 0 9 4
2 0 0 8
2 0 5 5
L SC




E l a p s e d
T b n c








G r o s s
C o i m t
4 7 7 7 9
4 9 8 2 6
4 86 7 6
N e t C o u n t
( c p m )
4 4 6 5 9
4 6 7 0 6
4 5 5 5 6
D e c a y
C o r r e c t i o n
7 9 0 6 9
7 9 2 8 3
7 9 4 8 0
R a d o n
C o n c e n t r a t i o n
3 5 , 80 1
3 5 , 6 49
3 6 , 15 6





6 6 ° F
2 5 5 3 3 4 3 6 8 8 3 9 / 1/9 5 8 : 4 1 2 2 7 8 5 0 0 16
,
4 8 9 4 3 9 0 7 4 0 7 8 7 7 9 7 0 9 3 6 , 5 45 6 5 1 36 , 2 5 7
2 5 3 4 3 4 2 1 8 8 7 9 / l ' 9 5 8 : 4 1 2 2 4 2 5 2 4 1 6
,
5 13 4 4 6 2 5 4 1 5 0 5 7 9 9 5 2 3 7, 13 4
2 5 4 4 3 4 5 0 9 0 6 9 / 1/ 9 5 8 : 4 6 4 0 9 7 5 6 6 16 , 5 4 1 2 4 4 1 1 2 12 9 1 8 0 2 3 2 1 8 , 7 14
2 5 3 5 3 4 5 7 9 2 2 9 / 1/ 9 5 8 : 4 6 4 1 2 4 6 0 8 16
,
5 8 2 2 4 2 5 3 2 1 1 3 3 8 0 6 5 6 18 , 3 50
2 5 18 3 3 5 1 8 3 3 9 / 1 '9 5 8 : 4 7 4 4 1 6 6 5 4 16
,






8 72 52 5 4 2 3 4 0 6 8 6 4 9 / 1/ 9 5 8 : 4 7 4 2 8 0 6 9 8 16
,
6 7 1 2 3 3 6 7 2 0 2 4 7 8 15 5 7 1 8 , 9 70 3 6 7
2 5 3 6 3 4 0 8 8 7 2 9 / 1/9 5 8 : 4 7 4 3 1 5 7 4 2 16
,
7 14 2 3 1 7 5 2 0 0 5 5 8 2 0 0 8 1 8 , 7 2 1 3 6 3
S a m p le R u n 10 a
C a l i b r a t i o n D a t a
S a m p l e
B la n k !
B la n k 2
B la n k 3
B l a n k 6
We l l
V i a l






P r e -
W e i g h t
2 5 4 7
2 5 4 1
2 5 6 2
2 5 5 3
N / A
Po s t -
W e i g h t
M
3 5 4 5
3 5 5 4
3 5 7 9
3 5 5 3
N ' A
Sc i n t .






W a t e r






C o u n t
T im e ( m l n . )
50 0 0




L SC T im e







3 3 » o
4 1%
4 2 » b
4 8 ' ' o
0 1%
Ci r o s s
C o u n t
( c p n i )
3 3 0 0
3 1 3 6
3 2 3 6
2 9 9 4
7 3 5 9 12






B a c k gr o u n d C o u n t : 3 1 6 7
C a l i b r a t i o n F a c t o r 7 14 ; 10 2 6
A dj u s t e d C F : 10 16
D e n s i t v : 1 0 0 C o u n t S t a rt : 9 1 5/ 9 5 13 : 2 1
Sa m p l e
P r e -
W e l gh t
M
2 5 4 8
2 5 4 9
2 5 56
P o s t -
W e i g h t
M
3 4 6 6
3 3 6 2
3 4 5 4
Sa m p l e




C o l l e c t i o n
D a t e
9 / 1 5 / 9 5
9 / 1 5 / 9 5
9 / 1 5 / 9 5
C o l l e c t i o n
T im e




C o u n t
T i m e










K l a p s e d
T im e
(m i n . )
1 5 0 4 4
1 5 0 9 1
1 5 13 3
G r o s s
C o u n t
3 0 5 7 0 1
2 6 7 9 14
3 0 19 5 8
N e t C o u n t
( c p m )
3 0 2 5 3 5
2 6 4 7 4 8
2 9 8 7 9 2
D e c a y
C o r r e c t i o n
1 2 0 8 5
1 2 0 9 2
1 2 0 9 9
L u m ,
0 2 ' ' o
o m
0 3 %
R a d o n
C o n c e n t r a t i o n
(p C i / L )
3 9 , 2 1 2
3 8 , 7 7 0
3 9 , 6 3 5









2 5 7 0 3 5 1 5 9 4 5 9 / 1 5 '9 5 10 :0 0 3 2 5 13 1 7 1 5 16 4 3 0 7 7 5 4 3 0 4 5 8 8 1 2 10 3 0 1% 3 8 , 4 0 9 6 3 8 3 9 , 2 0 6
2 5 4 8 3 4 6 9 9 2 1 9 / 1 5 / 9 5







1 5 2 0 4 3 12 1 8 1 3 0 9 0 1 5 1 2 1 10 O l " *
1 5 2 1 0 1 6 6 7 6 7 16 3 6 0 1 1 2 1 10 0 2 %






2 5 4 6 3 4 4 8 9 0 2 9 / 1 5 / 9 5 10 :0 5 6 3 4 13 3 6 1 5 2 8 8 15 7 7 9 2 1 54 6 2 6 1 2 12 2 0 1o 'o 2 0
,
4 6 0 3 4 3
2 5 4 7 3 5 54 10 0 7 9 / 1 5 / 9 5 10 :0 5 5 6 1 13 4 3 15 3 6 2 17 8 5 5 6 17 53 9 0 1 2 13 4 0 2 ' ' o 2 0 , 8 0 7 3 4 8
6 4 !
R
6 5 " F
2 5 3 0 3 4 8 4 9 54 9 / 1 5 / 9 5 10 :0 6 6 0 0 13 4 9 1 5 4 1 0 16 6 9 8 3 16 38 1 7 1 2 14 1 0 2 % 2 0 ,5 2 6 3 4 4 2 0 5 0 8
2 5 5 7 3 5 6 3 10 0 6 9 / 1 5 / 9 5 10 :0 6 5 5 1 13 56 15 4 8 2 18 17 6 0 1 7 85 9 4 1 2 15 2 0 1 % 2 1, 2 4 0
2 5 4 9 3 5 10 9 6 1 9 / 1 5 / 9 5 10 :3 4 9 0 6 13 6 6 15 2 8 5 1 10 5 0 8 10 73 4 2 1 2 12 2 0 2 ^ 13 ^ 3 1
3 5 5
2 2 6
2 5 6 5 3 5 0 9 9 4 4 9 / 1 5 '9 5 10 : 3 4 9 4 7 13 7 6 15 3 8 3 10 56 6 0 1 0 2 4 9 4 1 2 1 3 7 0 2 % 12 ,9 7 4 2 2 0




2 5 50 34 6 7 9 1 7 9 / 1 5 ' 9 5 10 : 3 5 9 7 7 13 9 7 15 58 1 10 2 3 9 5 9 9 2 29 1 2 1 6 7 0 2 % 1 2 ,9 6 3 2 2 0 13 10 8
2 5 4 8 3 5 0 2 9 54 9 / 1 5 / 9 5 10 : 3 5 9 3 4 14 0 7 15 6 8 3 10 7 1 4 1 1 0 3 9 7 5 1 2 1 8 3 0 2 <' o 13 ,0 73 2 2 2 15 7
2 5 5 6 3 5 16 9 6 0 9 / 1 5
' 9 5 1 1 :4 2 4 7 3 9 2 56 3 3 1 3 2 1 1 0 4 1 7 9 3 8 1 0 4 2 6 1 2 % 1 , 9 18 3 8
2 5 6 7 14 7 1 9 0 4 9 / 1 5 9 5 1 1 :4 2 5 0 0 0 3 0 8 3 8 2 0 19 5 0 2 16 3 3 6 1 0 4 9 3 3 2 % 1 , 86 7 3 8
2 5 5 6 3 4 46 8 9 0 9 / 1 5 / 9 5 1 1 :4 3 5 0 0 0 3 59 4 3 2 0 19 2 0 2 16 0 3 6 1 0 5 5 9 3 3 % 1 , 8 73 3 8
R
6 2 " F
2 5 5 5 3 4 5 4 8 9 9 9 / 1 5 ' 9 5 1 1 :4 3 5 0 0 0 4 1 1 4 8 4 0 18 8 5 8 1 5 6 9 2 1 0 6 2 8 5 6 % 1 , 82 6 3 8 1 8 3 9
2 5 6 0 3 4 4 5 8 8 5 9 / 1 5 9 5 1 1 :4 3 5 0 0 0 4 6 3 53 6 0 17 5 2 0 14 3 54 1 0 6 9 8 7 2 % 3 7 8 0
1 & 2 2 5 5 8 3 5 3 3 9 7 5 9 / 1 5 / 9 5 10 : 1 1 3 2 4 14 12 16 0 0 4 3 0 8 8 8 9 3 0 5 7 2 3 1 2 2 3 2 0 1 % 3 7 , 7 6 3 6 2 7
1 & 2
1 & 2
2 5 4 6
2 5 4 9
3 5 0 4
3 5 6 3
9 5 8
10 14
9 / 1 5 / 9 5
9 1 5 ' 9 5
10 : 1 1





16 0 4 4
16 0 8 4
3 1 16 2 0
3 18 5 0 3
3 0 8 4 5 4
3 1 5 3 3 7
1 2 2 3 8
1 2 2 4 4
0 2 %
0 2 %










S a m p l e R u n 10 b
C a l i br a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 6
7 14 p C i
V i a l







P r e -
W e i g h t
( g )
2 5 4 7
2 5 4 7
2 5 4 7
2 5 5 3
N / A
Po s t -
W e i gh t
( g )
3 5 4 5
3 5 4 5
3 5 4 5
3 5 5 3
N ' A
S c l n t .






Wa t e r






C o u n t
T i m e ( m in . )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 7
I . SC T im e






3 3 ° 'o
4 1» b
4 2 ' ! o
4 8' ! b
0 1%
G r o s s
C o u n t
( c p n i )
3 3 0 0
3 1 3 6
3 2 3 6
2 9 9 4
7 3 5 9 12
D e n s i t y : 1 0 0 C o u n t S t a rt : 9 / 1 5/ 9 5 13 : 2 1






B a c k g r o u n d C o u n t : 3 1 6 7
C a l i b r a t i o n F a c t o r 7 14 : 10 2 6
A d j u s t e d C I
-
: 10 1 6
W e l l S a m p l e
P r e -
We i g h t
( g )
P o s t -
W e i gh t
( g )
S a m p l e
M a s s ( g)
C o l l e c t i o n
D a t e
C o l l e c t i o n
T im e
( h r : m i n )
C o u n t
T im e
(m i n . )
L SC
T im e
(m i n )
E l a p s e d
T im e
( m i n . )
G r o s s
C o u n t
N e t C o i m t
( c p m )
D e c a y
C
'
o r r c c t i o n
L u m .
R a d o n
C o n c e n t r a t i o n
( p C i / L )
1 . 64 5 a
8 a 2 5 6 3 3 4 9 9 9 3 6 9 / 15 / 9 5 1 5 : 13 3 1 12 U 7 5 1 0 4 7 4 3 2 1 3 4 2 8 9 6 8 1 1 4 1 0 0 6 % 3 , 4 7 7 6 4
2 5 5 6 3 5 3 1 9 7 5 9 / 15 / 9 5 1 5 : 13 2 9 17 1 2 0 5 1 0 7 8 4 3 4 2 8 9 3 1 1 2 3 1 1 4 5 4 0 5 % 3 , 6 0 0 6 6
8a 2 5 5 7 3 4 8 1 9 2 4 9 / 15
'
9 5 1 5 : 14 3 1 2 8 1 2 3 8 1 10 9 4 3 19 6 9 2 8 8 0 3 1 1 4 9 9 0 6 % 3 , 5 2 9 6 5 6 2 I
2 5 5 7 3 5 14 9 5 7 9 / 15 / 9 5 1 5 : 14 3 1 5 1 1 2 7 0 1 14 1 2 3 17 3 6 2 8 5 7 0 1 1 5 4 5 0 6 ° o 3 , 3 9 3 6 2 3 5 2 9
8 a 2 5 5 3 3 5 4 3 9 9 0 9 / 15 / 9 5
2 5 5 2 3 4 2 2 8 7 0 9 / 15 / 9 5
1 5 : 14
1 5 : 0 0
2 8 7 5 13 0 0 1 17 2 6 3 4 7 9 0 3 16 2 4 1 1 5 9 1 0 6 <? o 3 , 6 4 5








2 3 7 4 3
2 5 5 1 3 4 4 5 8 9 4 9 / 15 ;
' 9 5 1 5 : 0 1 4 4 5 4 59 6 4 7 3 7 2 24 5 2 19 2 8 6 1 0 6 15 0 5 % 2 , 2 5 4 4 4 6 3
" F
2 5 6 1 3 5 12 9 5 1 9 / 15 / 9 5 1 5 : 0 1 4 2 7 9 6 4 0 5 18 6 2 3 3 7 0 2 0 2 0 4 1 0 6 7 5 0 5 % 2 , 2 3 3 4 3 2 2 7 9
2 5 6 2 3 5 3 4 9 7 2 9 / 15 9 5 1 5 : 0 1 4 1 0 7 6 8 2 5 6 1 5 2 4 3 6 8 2 12 0 2 1 0 7 3 2 0 6 % 2 3 0 5 4 4 5 6
10 2 5 6 0 3 4 3 4 8 7 4 9 / 15 / 9 5 1 4 : 3 7 .3 9 1 8 7 2 3 6 2 7 4 2 5 5 2 6 2 2 3 6 0 1 0 8 2 2 0 8 % 2 , 7 2 6 5 2
10 2 5 4 2 3 4 8 2 9 4 0 9 / 15 / 9 5 1 4 : 3 8 3 7 84 7 6 2 6 6 6 1 2 6 4 3 5 2 3 2 6 9 1 0 8 7 5 0 5 % 2 , 6 5 0 5 0
10 2 5 6 6 3 4 8 5 9 19 9 / 15 / 9 5 1 4 : 3 8 3 9 0 9 80 2 7 0 5 5 2 5 5 8 2 2 2 4 16 1 0 9 2 9 0 6 % 2 , 6 2 4 5 0 6 2
" F







2 5 5 3
2 5 5 3
2 5 3 0
2 5 5 0
2 5 6 5
2 5 4 6
3 3 9 2
3 4 0 1
3 4 5 6
3 4 5 5








9 / 15 / 9 5
9 / 15 9 5
9 / 15 / 9 5
9 / 15 /9 5
9 / 15 / 9 5
9 ' 15 /9 5
1 4 : 3 8
1 4 : 4 6
1 4 : 4 7
1 4 : 4 7
1 4 : 4 8
1 4 : 4 8
4 1 5 6
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0







7 8 8 2
8 2 7 0
8 7 8 0
9 2 9 0
9 7 9 0
10 3 1 0
2 40 6 6
1 0 3 3 0
1 10 12
1 18 6 6
1 0 6 3 4
1 16 5 4
2 0 9 0 0
7 1 6 4
7 8 4 6
8 7 0 0
7 4 6 8
8 4 8 8
1 10 4 3
1 10 9 7
1 1 16 9
1 12 4 1
1 13 12



































° b 6 t
" b O T
% r z
9Z 8 r i
0 08 n
i Z i l l
o s9 n
£ z s n
8 5 s r i
6 Z t £




Z 9 i 9
0 » 6 9
9f 9 9
9Z Z 9
t r e s
0 9 9 £ I
O S l t t
0 t 9 Z l
O T U l
0 7 9 11
C O S I I
Z 8 1 I
O f U
6 ^ 0 1








L l i l
9 i : S I
9 1 5 1
L i n
S6 X I / 6
i 6 , ' L l / 6
S6 / Z l ,' 6
S6 / £ I / 6
S6 / Z l ; 6









I S O l
M 6
0 Z 9 £
i ! 6 ? £












z o t K 9 8 1 % 9 X S8 t n 6 6 0 Z z e z s 0 8 6 0 1 SZ6 OO OS L i n S6 / Z I /6 Sfr S 9 6 e £ l i i Z « \ l
i Z 8 C C % L \ 6 0 t r i 1 0 8 2 ^ £ 6 5 O L U n W 8 OO OS L i n i 6 / L \ / 6 s r 6 i O i i I S i Z
P Z L6 Z % 9 Z i f e i i 1 9 Z Z f 6 £ S 0 7 6 6 £ 2 8 OO OS 9 £ :t ' I S6 , X I / 6 i 9 8 i 6 £ £ 0 £ SZ B I I
£ Z 8 0 f % i Z £9 Z r i i O SZ Of 9 $ o st - e I L L OO OS 9 £ : t ' I S6 X I / 6 6 1 6 9 e t £ L i i Z n \
6 S z t i l O
'
I % S l I Z 9L \ SO SS 8 £ 9 8 O OOSf 6 8f l O O OS 6 i : S I S6 / S I /6 8 5 6 Ee f E s e sz qs
8Z 0 I z t C U
'
I " o fr l I I SX I £i Z 9 90 1' 6 O O Sf f 8 £t l OO OS s r s i S6 / 6 1/ 6 1 6 6 L P i i 9 S 6Z q 8
9 1^ 0 S6 % / I 6 6 £t l l e f t ' K i L 0 6 6 £ f i 8 £ l O O OS s r s i S6 / S 1 6 l O S 8 9 £ £ 1 9 SZ m





I % £ I f i U I £ 0 9 S 9 £1 8 0 9 6 Z f f SZ l OO OS sr s i S6 'S 1' 6 £S 6 9 0 S£




Of S 9Z SI S %6 I Z f U I i 8 l t ' OZ £i 0 6 S8 6 9 9 OO OS OZ : f l S6 / i l / 6 0 1 6 f S f £ f f SZ
i Z t ss %9 I u o r i Sl f f 80 S i 0 80 8 8 ( 9 OO OS 02 :^ 1 £6 / Z l / 6 18 8 i r f £ 0 £ SZ




/ . s s
6 6 1
; o 9 l
% r £
« £6 0 l 6 8 M ' ZZ 9 i 0 9 0 i S I S 0 0 0 $ 6 1 f l S6 / i I / 6
9 0 8 0 1 1 6 9 1 f Z S f 0 9 19 f 9 1 ' OO OS SS^f l £6 / 1 1/6
S8 8
f Z 6 z e t - E
6 S SZ
8 9 SZ
z o z 1 8 1 %6 Z 9 £ i 0 1 I Z i l f S S f OM S Z I f OO OS %<i n £6 / i l /6 6 1 0 1 Si S f 9 C SZ
I Z t 8 Z ° o 6 I 8 9 9 0 1 6 1 SZ Z I X S O f l S 19 £ OO OS i S ^ f l S6 / i l / 6 Z 9 6 6Z S£ £9 SZ
OZ 9 9 1 ' ' o S Z 0 0 9 0 1 6 ZM Z 9 Sf « 'i 9 \ 0 1 £ OO OS L S ^ f l £ 6 7 1/ 6 w e W t - E O S SZ
6 1 8 L I % £ Z l l SO I I S 9 I f S i f
a c ^9 I u a ! ) e i ) U 3 D U 0 ^ l u n ]
u o i p o j a o )
i
'
B j a g
( u i d o )
l u n o 3 t a jv i
( u id s )
S S O i J )
O t I f
( u iu i )
p a s d B ia
8 SZ
( U j U l )
■ " " I l
. ) S 1
OO OS
( u i u i)
( u n o . j
i S t l £6 / i l / 6 Z 8 6 8 f S£
(U ! U i : j i |)
u o j p s i i o ; )
a m a
u o | p a | | o j
( 3) S S B (» \ 1
a | d u i e <j
( i f c l i a . v v
9 £ g Z
a | d i u e > ; l l ^ . t
96 6 J O p s i s n l p v
9 0 0 1 W L J OP E J u o i ) B j <| ! i e j






i Jl A i p V
S67 1 £6 / i t / 6 : ) j e j S l u n o J 0 0 1 : ( ) i s u 3 C[
L Z L XZ L
f l O E
f S l E
OS l t
n Z i
( u n o j




' ) b 9 £
°









(U I U I )
6 f l




( u i u i )
a iu j x l u n o 3
V / N










( S) S S B l \
V / N










- a j j
V / N D d f U
Z i 9 1
6 Z 9 [
6 i 9 1
6 i 9 1
( 3 )
i q a i a AV
IB I A
9 ^ n a
t >(<j q a
Z H^ e i a
I ^ i U B j g
a j d u ie ^
C J B Q U O I J C JUIJE O
30 1 " " a a |d i U B S
S a m p le R u n 1 1a
C a l i b r a t i o n
S a m p l e
B l a n k 1
P o s t
W e i g h t
G r o s s
S c i n t .
M a s s (g )
W a t e r C o u n t
T im e (m l n )
L SC T im e
(m i n )
We i g h t W e i gh t l ^ o m i t \ c t i v i t jM a s s ( g )
3 1 4 22 5 4 7 3 5 4 5 50 0 0
B l a n k 2 30 5 02 5 4 3 5 5 4 0 13 5 0 0 0 3 6 %
B l a n k 3 2 5 6 2 3 5 79 50 0 0
B a n k 6 30 4 22 5 5 3 3 5 53
7 1 4 p C i 74 0 7 3 50 1%
D e n s i t y : 1 0 0 C o u n t St a r t : 10 /3 / 9 5 3 : 3 3
B a c k g r o u n d C o u n t : 3 0 9 4
C a l i b r a t i o n F a c t o r 7 14 ; 10 3 3
A d j u s t e d C F : 1 0 2 2
W e U S a m p l e
P r e -
W e i g h t
( g )
2 5 7 3
2 5 5 3
2 5 6 5
P o s t -
W e i gh t
(g )
3 5 7 5
3 5 56
3 5 1 1
Sa m p l e




C o l l e c t i o n
D a t e
10 / 2 /9 5
1 0 /2 ' 9 5
10 /2 / 9 5




1 0 : 0 0
C o u n t
T im e






(m h i . )
E l a p s e d
T im e
[m i n
10 5 6 6
10 5 8 6
10 6 2 5
G r o s s
C o u n t
[c p m )
3 5 2 6 4 1
3 6 2 9 3 5
3 3 2 3 2 6
N e t C o u n t
(c p m )
3 4 9TT7
3 59 8 4 1
3 2 9 2 3 2
D e c a y
C o r r e c t i o n
1 14 2 3
1 1 4 2 6
1 14 3 1




R a d o n
C o n c e n t r a t i o n
iC i/ l :
3 8 ,9 7 2








39 0 2 12 5 5 5 3 5 2 7 9 7 2 10 / 2 / 9 5 10 : 0 0 2 9 5 1 5 10 6 6 5 3 3 9 3 56 3 3 6 2 6 2 1 1 4 3 7 0 1% 3 8 , 6 9 7 6 4 2
S ) 2 5 5 7
2 5 3 1




10 / 2/ 9 5
10 / 2 /9 5






10 6 9 5
10 6 6 1
3 2 8 7 2 1
2 6 1 4 8 8
3 2 5 6 2 7
2 5 8 3 9 4
1 1 4 4 1
1 1 4 3 6
0 1%
0 1%




2 5 6 0 3 4 8 8 9 2 8 10 / 2 / 9 5 10 : 0 9 3 4 1 2 8 10 70 3 2 9 3 7 8 3 2 9 0 6 8 9 1 1 4 4 2 0 1% 3 5
,
0 5 5




5 8 9 6 5 " F
2 5 2 6 3 4 56 9 3 0 10 / 2 / 9 5 10 : 1 0 3 6 0 3 7 10 7 8 2 2 7 7 8 89 2 7 4 7 9 5 1 1 4 5 4 0 1% 33
,
1 0 0 5 5 1 34
,
0 7 2
2 5 3 8 3 6 5 4 1 1 1 6 1 0 /2 / 9 5 10 : 10
2 5 3 8 3 3 6 5 8 2 7 10 / 2 /9 5 10 : 3 9
3 1 3
1 0 5 5
4 1
5 2
10 8 2 4
10 6 0 7
3 19 8 72
9 4 7 8 7
3 1 6 7 7 8 1 1 4 6 0 0 2 %
9 1 6 9 3 1 1 4 2 9 0 2 % 1 2 3 9 3
2 5 4 7 3 3 7 1 8 2 4 10 / 2 / 9 5 1 0 : 3 9 10 8 7 6 4 10 7 2 6 9 2 1 1 6 8 9 0 2 2 1 14 4 6 0 3 % 1 2 , 0 9 4








6 3 ° F
2 5 5 4 3 5 2 9 9 7 5 10 /2 / 9 5 1 0 : 4 0 9 16 8 5 10 9 3 4 10 9 2 .3 6 10 6 1 4 2 1 14 7 6 0 1% 1 2
,
2 18 2 0 7 12 2 6 0
2 5 6 4 3 4 6 5 9 0 1 10 / 2 / 9 5 10 : 4 0
2 5 6 7 3 3 6 5 7 9 8 10 / 2 / 9 5 1 1 : 5 1
9 7 9
5 0 0 0
9 6
14 7
1 10 4 1
10 6 4 0
10 2 1 86 99 0 9 2 1 14 9 1 0 2 <' <. 1 2 , 3 6 0
1 57 76 1 2 6 8 2 1 14 3 3 1 1% 1 , 7 7 7
2 5 7 4 3 5 7 7 10 0 3 1 0 / 2 ' 9 5 1 1 : 5 2 5 0 0 0 19 9 1 1 15 0 1 89 3 4 1 5 8 4 0 1 15 0 7 1 0 % 1 , 7 7 7






6 0 ° F
2 5 5 1 3 4 50 8 9 9 10 / 2 / 9 5 1 1 : 5 2 5 0 0 0 3 0 1 12 1 7 0 17 3 9 4 14 3 0 0 1 1 6 5 6 2 1% 1
,
8 1 3 4 0 1, 7 6 9
2 5 8 4 3 5 3 5 9 5 1 1 0 / 2 / 9 5 1 1 : 5 3 5 0 0 0 3 5 3 12 6 8 0 17 6 2 8 14 5 3 4 1 1 7 3 1 1 6 % 1 , 7 5 3 3 8 3 3
S a m p le R u n l i b
C a l i b r a l i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 6
7 1 4 pC i
V i a l







W e l g l i t
2 5 4 7
2 5 4 7
2 5 4 7
2 5 5 3
N / A
Po s t -
W e i gl i t
M
3 5 4 5
3 5 4 5
3 5 4 5
3 5 53
N / A
Sc i n t .






Wa t e r






C o u n t
T i m e (m i n . )
5 0 0 0
50 0 0
5 0 0 0
50 0 0
1 3 6
L SC T im e






I ^ u m .
3 9 » o
3 6 ° ;.
6 0 ' ' o
4 6 ' > o
0 1%
G r o s s
C
'
o u n t
( c p m )
3 1 4 2
3 0 5 0
3 1 4 2
3 0 4 2
7 40 7 3 5
A c t i v i t y






B a c k gr o u n d C o u n t : 3 0 9 4
C a l i b r a t i o n F a c t o r 7 1 4 : 10 3 3
A dj u s t e d C F : 10 2 2
W e l l S a m p l e
P r e -
W c i g h t
M
2 5 4 8
Po s t -
W e i gh t
3 4 7 5
Sa m p l e
M a s s ( g )
9 2 7
C o l l e c t i o n
D a t e
10 / 1/ 9 5
C o Ue c t i o n
T i m e
(h r : n i l n )
12 :0 2
C o u n t
T im e
(m i n )
2 9 5 5
L s c :
T im e
( n i t n )
7 5 1
E l a p s e d
T im e
(m i n )
8 8 1 2
G r o s s
C o u n t
3 3 8 4 1
N e t C o u n t
( c p m )
3 0 7 4 7
D e c a y
C o r r e c t i o n
1 1 17 3
L um
o e ^ o
R a d o n
C o n c e n t r a t i o n
(p C i /L )
3 , 6 2 5
1 6 4 5 CT
6 6
8 a 2 5 4 9 3 5 4 2 9 9 3 10 / 1, '9 5 12 : 0 2 2 8 2 2 7 8 0 9 1 0 9 3 5 4 4 6 3 2 3 5 2 1 1 2 15 0 6 ° 1> 3
,
5 7 4 6 5
8 a 2 5 5 9 3 5 4 1 9 8 2 10 / 1 - 9 5 12 :0 2 2 8 4 0 8 10 9 4 0 8 3 5 2 2 5 3 2 1 3 1 1 1 2 5 7 0 5 % 3
,
6 0 2 6 5 6 3 ° F
3 . 5 9 72 5 6 0 3 6 3 9 10 7 9 10 / 1/ 9 5 12 :0 3 2 5 8 5 8 3 7 9 6 8 1 3 8 7 0 4 3 5 6 10 1 12 9 6 0 4 % 3 , 6 4 6 6 6
2 5 5 3
2 5 7 4
3 4 4 0
3 5 2 8
8 8 7 10 / 1/ 9 5 12 :0 3 3 1 8 6 87 0
9 5 4 10 / 1 ' 9 5 1 1 :2 4 4 2 4 7 9 14
9 9 8 1
10 7 5 8
3 13 9 4 2 8 3 0 0 1 13 3 9 o e -^ o 3 , 5 3 8





2 5 8 0 3 5 12 9 3 2 10 / 1/ 9 5 1 1 :2 4 4 5 4 7 9 6 0 1 1 2 0 3 2 19 9 3 18 8 9 9 1 15 15 0 8» o 2 , 2 8 4 4 4
2 5 4 5 .3 4 5 4 9 0 9 10 / 1/ 9 5 1 1 :2 4 4 5 9 5 10 0 8 1 16 8 0 2 17 6 3 18 6 6 9 1 15 8 4 0 8% 2 , 3 2 7 4 5 6 2
'
2 5 4 4 3 5 10 9 6 6 10 / 1/ 9 5 1 1 :2 5 4 1 8 5 10 5 1 1 2 1 2 1 2 3 9 0 0 2 0 8 0 6 1 16 4 8 0 6 % 2 , 4 5 4 4 7 2 3 7 8
10
2 5 7 8
2 5 8 0
3 5 2 2
3 5 6 2
9 4 4 10 / 1, 9 5
9 8 2 10 / 1 '9 5
1 1: 2 5
1 1 :0 7
4 3 3 4 10 9 6 12 5 6 3 2 3 0 7 8 19 9 8 4 1 17 14 0 7%
3 9 6 4 1 13 6 13 16 2 2 5 2 3 0
2 , 4 2 5




10 2 5 4 0 3 4 15 8 7 5 10 1/ 9 5 1 1 :0 7 4 2 9 7 1 1 8 1 1 3 5 9 5 2 3 2 7 9 2 0 1 8 5 1 18 6 7 0 8% 2
,
6 7 7 5 2
10 2 5 4 5 3 5 7 7 10 3 2 10 / 1/ 9 5 1 1: 0 7 3 7 0 1 1 2 19 14 0 0 5 2 7 0 2 2 2 3 9 2 8 1 19 2 8 0 7 % 2 , 7 0 5 5 1 6 1 T
1 0 2 5 3 8 3 5 2 2 9 8 4 10 / 1/9 5 1 1 :0 8 3 8 0 6 1 2 5 8 14 3 8 0 2 6 2 7 7 2 3 1 8 3 1 19 8 5 0 6% 2 , 76 1 5 2





2 6 0 3
2 5 4 1
2 5 4 3
2 6 0 2
3 5 6 1
■3 4 8 1
3 5 7 1





10 / 1/ 9 5
10 / 1 ^ 9 5
l Q/ 1/9 5
10 / 1/ 9 5
10 : 5 5
10 : 5 5
10 : 56
10 : 56
5 0 0 0
5 0 0 0
5 0 0 0





1 7 9 4 0
1 8 4 5 0
1 8 9 6 0
1 9 4 7 0
10 8 6 2
10 3 5 0
1 19 5 4
1 1 1 6 6
7 7 6 8
72 5 6
8 8 6 0
80 7 2
1 2 5 3 4
1 2 6 1 5
1 2 6 9 6







1 , 0 7 0







1 . 0 12
5 1
S a m p le R u n l i e
C a l i br a t i o n D a t a
S a m pl e
B la n k 1
B l a n k 2
B l a n k 3
B l a n k 6
7 1 4 pC i
V i a l







W e i g h t
2 5 4 7
2 5 4 7
2 5 4 7
2 5 5 3
N / A
P o s t -
W e i gh t
3 5 4 5
3 5 4 5
3 5 4 5
3 5 53
N ; A
S c i n t






W a t e r






C o u n t T i m e
( m i n )
5 0 0 0
5 0 0 0
50 0 0
5 0 0 0
1 3 6
L S C T i m e














G r o s s
C o u n t
(c p m )
3 1 4 2
3 0 5 0
3 1 4 2
3 0 4 2
74 0 7 3 5
D e n s i t y : 1 0 0 C o u n t S t a r t ; 1 0 1
'
9 5 14 : 2 7






B a c k gr o u n d C o u n t : 3 0 9 4
C a l i br a t i o n F a c t o r 7 14 : 10 3 3
A dj u s t e d C F : 10 2 2
W e ll S a m p l e
P r e -
W e i g h t
2 5 50
P o s t -
W e i gh t
M
3 6 3 2
S a m p le
M a s s ( g)
1 0 8 2
C o l l e c t i o n
D a l e
10 / 1 9 5
C o l le c t i o n
T i m e
(h r m i n )
13 :0 3
C o u n t
T i m e
( m i n )
5 0 0 0
L S C
T i m e
( m i n )
2 5 8
E l a p s e d
T i m e
(m i n )
3 17 0
G r o s s
C o u n t
5 0 4 8
N e t C o u n t
(c p m )
19 5 4
D e c a y
C o r r e c t io n
1 04 0 7
L u m
2 9 %
R a d o n
C o n c e n t r a t io n
iC i / i ;
18 4
1 6 4 5 CT
2 5 7 1 3 5 4 3 9 7 2 1 0 / 1/ 9 5 13 :0 3 5 0 0 0 3 0 9 3 6 8 0 4 8 2 8 17 3 4 1 0 4 7 4 3 0 % 1 8 3
2 5 53 3 5 4 0 9 8 7 1 0 / 1/ 9 5 13 :0 3 5 0 0 0 3 6 1 4 2 0 0 4 6 96 16 0 2 1 0 54 3 2 7 % 16 7 1 8 6 1° F
2 5 62 3 5 7 1 10 0 9 10 / 1/ 9 5 13 :0 3 5 0 0 0 4 12 4 7 1 0 4 7 8 8 1 6 94 1 0 6 1 1 3 0 % 17 4 1 8 1 7 8
2 5 4 6
2 5 56




10 / 1 / 9 5
10 ' 1 9 5
13 :0 4 5 0 0 0 4 6 3 5 2 1 0 4 6 76 1 5 8 2 1 06 78 i 6 %
12 :2 8 5 0 0 0 5 1 5 6 0 9 0 8 0 76 4 9 8 2 1 0 79 7 2 1%
18 0




2 5 33 3 4 9 2 9 59 10 / 1/ 9 5 12 :2 8 5 0 0 0 5 6 6 6 6 0 0 7 9 40 4 8 4 6 1 0 86 6 1 7 % 5 3 7 2 4
2 5 4 5 3 4 7 0 9 2 5 10 / I ' 9 5 1 2 :2 9 5 0 0 0 6 17 7 10 0 7 8 0 8 4 7 14 1 0 9 3 5 1 2% 5 4 5 2 5 6 1° F
2 5 28 3 4 8 0 9 52 10 / 1/ 9 5 12 :2 9 5 0 0 0 6 6 9 7 6 2 0 7 6 26 4 5 3 2 1 10 0 7 1 8% 5 12 2 4 5 44
7
1 1a
2 5 63 3 4 8 1 9 18 10 / 1/ 9 5 1 2 :2 9 5 0 0 0 7 20 8 13 0
2 5 7 1 3 5 0 2 9 3 1 10 ' 1 /9 5 12 :4 5 5 0 0 0 13 5 1 1 4 2 8 0
7 9 9 2
6 0 20
4 8 9 8 1 10 78 1 6 % 5 78




1 1a 2 5 7 1 3 5 7 0 9 9 9 10 / 1 ' 9 5 12 :4 5 5 0 0 0 14 0 2 14 7 9 0 6 1 3 6 3 0 4 2 1 20 4 7 2 1% 3 5 9 2 3
l l a 2 5 68 3 4 4 7 8 79 10 / 1 9 5 12 :4 5 5 0 0 0 14 5 3 15 3 0 0 5 7 9 6 2 7 0 2 1 2 124 2 0 % 3 6 5 2 5 6 0 ° F
l l a 2 5 8 1 3 4 7 2 8 9 1 10 / 1/9 5 12 :4 6 5 0 0 0 15 0 5 15 8 1 0 5 7 7 6 2 6 8 2 1 2 2 0 2 2 6 ' ?<> 3 5 9 2 5 3 5 4
l l a 2 5 3 7 3 4 6 4 9 2 7 10 / 1 9 5 1 2 :4 6 5 0 0 0 15 5 6 16 3 2 0 55 7 4 2 4 8 0 1 2 2 8 1 2 3 % 3 2 1 2 4 19
l i b 2 5 32 3 4 2 2 8 9 0 1 0 / 1/ 9 5 12 :4 1 5 0 0 0 2 0 69 2 1 5 0 0 4 0 14 9 2 0 1 3 10 8 2 6 % 13 3 2 3
l i b 2 5 62 3 4 8 3 9 2 1 10 / 1/ 9 5 12 :4 1 5 0 0 0 2 120 2 2 0 1 0 3 8 4 4 7 5 0 1 3 1 9 3 2 5° 10 5 2 2
l i b 2 5 6 1 3 5 0 3 9 4 2 10 / 1 9 5 12 : 4 1 5 0 0 0 2 1 7 1 2 2 5 2 0 4 0 3 2 9 3 8 1 3 2 7 8 3 1 % 12 9 2 2







2 5 5 5 3 5 3 6 9 8 1 10 / 1 ' 9 5





3 4 0 8
3 6 5 2
3 5 5 5






1 0 9 0
10 / 1/ 9 5
10 / 1/ 9 5
1 0 / 1' 9 5
10 / l / 9 5
10 / 1 9 5
12 :4 2
13 : 1 4
13 : 15
1 3 : 1 5
13 : 15
1 3 : 16
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
2 2 7 4
18 12
18 6 4
1 9 1 5
19 6 6
2 0 17
2 3 5 4 0
18 6 0 0
19 1 1 0
1 9 6 2 0
2 0 1 3 0
20 6 3 0
4 2 6 6 1 1 7 2 1 3 4 4 9 3 7 % 15 7
5 8 5 6
6 7 0 4
6 3 8 8
6 3 1 0
6 6 9 4
2 7 6 2
3 6 10
3 2 9 4
3 2 16
3 6 0 0
1 2 6 3 8
1 2 7 20
1 2 8 0 2
1 2 8 84






















S a m p le R u n 12 a
C a l i br a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k s
B l a n k 6
7 14 p C i
V i a l
W e i g h t
16 7 9






2 5 4 7
2 5 4 1
2 5 6 2
2 5 5 3
N A
Po s «
W e i g h t
( g )
3 5 4 5
3 5 54










W a t e r






C o u n t
T im e (m i n )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 7
L SC T Un e






L u m .
5 4 » o
5 6 ° b
6 1%
4 5 %
O i ' i
G r o s s





7 3 2 7 0 1







D e n s i t y : 1 0 0 C o u n t S t a rt : I 0 / 16 ' 9 5 12 : 0 6
Sa m p l e
P r e -
W e i g h t
2 5 8 0
Po s t -
W e i gh t
cg )
3 6 0 0
S a m p l e
M a s s ( g)
10 2 0
C o l l e c t i o n
D a t e
10 ; 16 / 9 5
C o l l e c t i o n
T im e
(h r : m l n )
8 : 1 3
C o u n t
T i m e





E l a p s e d
T im e
( n ri n )
4 4 1 8
G r o s s
C o u n t
(c p m )
4 2 0 7 56
B a c k g r o u n d C o u n t : 3 1 3 8
C a l i b r a t i o n F a c t o r 7 14 : 1 0 22
A dj u s t e d C F : 1 0 11
N e t C o u n t
(c p m )
4 1 76 1 8
D e c a y
C o r r e c t i o n
1 0 5 7 2
L u m .
O I "! b
R a d o n
C o n c e n t r a t i o n




L 6 4 5 CT
7 0 9
2 5 5 2 3 4 1 1 8 5 9 10 / 16 /9 5 8 : 1 4 2 9 5 2 14 4 4 4 5 3 3 9 7 6 3 3 3 6 6 2 5 1 0 5 76 0 1 % 4 0 , 9 8 2 6 8 0 R
6 4 " F2 5 3 9 3 5 10 9 7 1 10 / 16 ' 9 5 8 : 1 4 2 58 2 17 4 4 7 7 3 87 9 8 4 3 8 4 8 4 6 1 0 5 8 0 0 2 % 4 1 , 4 6 5 6 8 7
2 5 5 5 3 5 2 2 9 6 7 10 / 16 /9 5 8 : 1 4 2 6 4 2 2 0 4 5 0 7 3 7 9 8 4 8 3 7 6 7 1 0 1 0 5 84 0 1 % 4 0 , 7 7 1 6 7 5 4 1 6 5 7
2 5 7 1
2 5 5 7
3 5 8 8
3 4 5 3
10 17
8 9 6
10 / 16 / 9 5
10 / 16 /9 5
8 : 1 5





4 5 3 8
4 5 4 4
4 13 6 7 8
19 4 8 0 5
4 1 0 5 4 0 1 0 5 8 8 0 2 % 4 2 , 2 6 5 7 0 0 8 6 0
1 9 1 6 6 7 1 0 5 89 0 2 <" o 2 2 3 9 8 3 7 4
2 5 7 5 3 4 3 3 8 5 8 10 / 16 / 9 5 8 : 1 9 5 34 2 3 6 4 6 0 3 1 87 4 1 6 1 8 4 2 7 8 1 0 5 9 7 0 3 % 2 2
,
5 0 5 3 7 6 R
6 4 ' F2 5 7 2 3 5 0 1 9 2 9 10 ' 16 /9 5 8 : 1 9 4 9 7 2 4 2 4 6 6 5 2 0 13 0 8 1 9 8 1 7 0 1 0 6 0 5 0 1% 2 2 ,3 7 0 3 7 4
2 5 7 9 3 5 1 1 9 3 2 10 / 16 /9 5 8 : 2 0 4 9 4 2 4 7 4 7 0 5 2 0 2 5 5 1 1 9 9 4 1 3 1 0 6 10 0 2 % 2 2 , 4 4 9 3 7 5 2 2 4 3 4
2 5 3 9 3 4 4 5 9 0 6 10 / 16 9 5
2 5 3 8 3 5 3 5 9 9 7 10 / 16 / 9 5
8 : 2 0
8 : 4 5
5 0 9 2 5 3 4 7 6 5 19 6 8 1 7 1 9 3 6 7 9 1 06 18 0 2 % 2 2
,
4 4 6 3 7 5 5 2
7 36 2 6 1 4 5 8 3 13 59 1 0 13 2 7 7 2 1 0 5 9 4 0 2 % 13 , 9 5 1 2 3 5
2 5 6 6 3 4 2 3 8 5 7 10 / 16 / 9 5 8 : 4 6 8 7 5 2 7 1 4 6 6 6 1 14 3 8 9 1 1 12 5 1 1 0 6 0 5 0 2 % 13
,
6 1 3 2 3 0 R
6 3 " F2 5 6 3 3 4 7 6 9 1 3 10 / 16 / 9 5 8 : 4 6 8 3 2 2 8 0 4 7 5 8 12 0 2 6 4 1 1 7 1 2 6 1 0 6 17 0 2 " ; , 1 3 , 4 6 9 2 2 8
2 5 7 3 3 4 8 6 9 13 10 / 16 /9 5 8 : 4 6 8 0 5 2 8 9 4 8 5 0 1 2 4 2 9 8 12 1 1 6 0 1 0 6 3 0 0 2 % 13
,
9 4 9 2 3 5 13
,
7 2 1
2 5 7 8 3 4 8 5 9 0 7 10 / 16 / 9 5 8 : 4 6 i 3 0 2 9 8 4 9 3 9 1 20 5 6 6 1 17 4 2 8 1 0 6 4 1 0 3 ' i 13
,
6 2 4 2 3 0 2 1 8
2 5 5 3 3 3 5 3 8 0 0 10 / I 6 ' 9 5 1 0 : 5 9 50 0 0 3 5 0 3 9 2 0 17 9 8 4 14 8 4 6 1 0 5 0 6 4 6 ° ;, 1 , 9 2 8 4 1
2 5 7 2 3 4 2 1 8 4 9 10 / 16 / 9 5 1 1: 0 0 50 0 0 4 0 1 4 4 2 0 17 6 14 14 4 7 6 1 0 5 7 2 8 8 % 1
,
7 8 3 39
2 5 6 8 3 3 5 1 7 8 3 10 / 16 /9 5 1 1 : 0 0 50 0 0 4 53 4 9 4 0 17 6 12 14 4 7 4 1 0 6 4 2 6 8 % 1 . 9 4 5 4 2 6 0
° F
2 5 4 8 3 3 15 7 6 7 i a / 16 ' 9 5 1 1 : 0 0 50 0 0 5 0 5 54 6 0 17 0 4 8 13 9 1 0 1 0 7 12 7 3 " ^ 1 , 9 2 1 4 3 1 . 8 7 4
2 5 3 4 3 4 7 1 9 3 7 10 / 16 / 9 5 1 1 : 0 0 50 0 0 5 5 6 59 7 0 18 9 2 2 15 7 8 4 1 0 7 8 1 6 3 % 1 , 7 9 6 3 7 7 9
S a m p l e R u n 12 b
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k s
B l a n k 6
7 14 p C i
W e l l
8 a
V i a l







P r e -
VV e i gh t
2 5 4 7
2 5 4 7
2 5 4 7
2 5 5 3
N / A
Po s t -
W e i g h t
3 5 4 5
3 5 4 5
3 5 4 5
3 5 5 3
N /A
Sc i n t .






W a t e r




1 0 1 0
N / A
C o u n t
T i m e ( m i n . )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 7
SC T im e









5 2 " o
5 2%
0 1%
G r o s s
C o i m t
( c p m )
3 2 4 2
3 1 5 6
3 2 1 6
2 9 8 2
7 3 0 3 6 5






B a c k g r o u n d C o u n t : 3 1 4 9
C a l i b r a t i o n F a c t o r 7 14 : 10 19
A dju s t e d C F ; 1 0 0 8
D e n s i t y : 1 0 0 C o u n t S t a r t : 10 / 14 9 5 14 : 2 6
Sa m p l e
P r e -
W e i g h t
( E )
2 5 4 0
2 5 4 3
2 5 3 8
Po s t
We i g h t
3 4 9 7
3 5 2 4
3 4 5 4
Sa m p l e




C o l l e c t i o n
D a t e
10 / 1 4 / 9 5
10 / 1 4 /9 5
10 / 1 4/ 9 5
C o Ue c t i o n
T im e






C o m i t
T im e
(m i n . )
2 7 4 5
2 6 6 9
2 8 7 4
L SC
T im e




F. l a p s e d
T h n e
(m i n . )
3 7 1 3
3 9 9 7
4 2 8 6
G r o s s
C o m i t
(c p n i )
36 4 4 4
3 7 4 7 1
3 4 7 9 8
3 6 2 70 5 % 3 , 5 7 5
1 0 6 3 03 2 4 2 6
8 1 4 9
N e t C o m i t
( c p m )
3 3 2 9 5
3 4 3 2 2
3 16 4 9
D e c a y
C o r r e c t i o n
1 0 4 7 9
1 0 5 16
1 0 5 5 4
L u m .
0 5 %
0 6%
R a d o n
C o n c e n t r a t i o n
( p C i/ L )
3 ,6 1 7
3 , 6 5 0
3 , 6 1 8
1. 6 4 5 a
6 5
6 6




2 5 8 2
2 5 6 4
3 5 12
3 3 7 2
9 3 0
8 0 8
10 / 1 4/ 9 5
10 / 14 / 9 5
57
0 0
2 8 1 1
50 0 0
3 50 4 8 4 9 3 5 5 7 5
4 0 2 5 2 3 0 1 1 2 9 8 1 0 6 8 1 1 ,0 69
2 5 6 8 3 4 5 1 8 8 3 10 / 1 4 ' 9 5 12 0 0 50 0 0 4 5 3 5 7 4 0 1 1 7 5 2 8 6 0 3 1 0 7 4 9 1 ,0 3 9 3 1
8 b 2 5 5 ! 3 4 2 3 8 7 2 10 / 14 / 9 5 12 0 1 50 0 0 5 0 4 6 2 4 0 1 19 8 8 8 8 3 9 1 0 8 17 1 4 % 1 ,0 8 8 3 2 1. 0 7 2
8 b 2 5 5 4 3 5 1 1
2 5 5 1 3 4 0 0
9 5 7
8 4 9
10 / 1 4 / 9 5 12 0 1 5 0 0 0 5 5 5 6 7 5 0 12 8 1 4 9 6 6 5 1 0 8 8 7 1 1% 1 ,0 9 1 3 1
10 / 14 / 9 5 3 9 4 3 6 8 6 0 0 7 4 5 2 2 2 8 9 4 19 7 4 5 1 0 9 8 4 0 ! 2 , 5 3 4 4 9
2 5 6 3 3 4 5 1 10 / 1 4 / 9 5 3 9 4 2 4 8 6 4 4 7 8 9 8 2 3 5 4 0 2 0 3 9 1 1 10 4 5 0 7
»
o 2 , 5 1 6 4 8
2 5 6 5 3 5 0 4 9 3 9 10 ' 1 4 / 9 5 4 0 4 0 3 7 6 8 6 8 3 1 8 2 4 7 7 1 2 16 2 2 1 1 10 4 O S% 2
,
5 3 7 4 8
2 4
R
6 4 ° F
2 5 7 6 3 4 9 1 9 1 5 10 / 1 4 /9 5 4 0 4 2 8 2 7 3 0 8 7 4 6 2 3 3 5 4 2 0 2 0 5 1 1 16 4 0 7 » o 2 , 4 4 6 4 7 2 4 9 9




2 5 7 5 3 3 0 3 7 2 8 10 / 14 / 9 5 26 5 0 0 0 8 2 4 9 7 9 0 19 6 6 6 16 5 1 7 1 13 12 1 0 % 2 , 5 4 6 5 1
2 5 7 5 3 5 0 0 9 2 5 10 / 1 4 / 9 5 2 6 4 0 3 7 8 6 6 10 2 5 8 2 4 7 7 8 2 16 2 9 1 13 7 9 0 7 % 2 , 6 3 9 5 0
2 5 7 2 3 4 8 1 9 0 9 10 / 1 4 ' 9 5 26 4 2 2 3 9 0 9 10 6 7 9 2 3 6 8 2 2 0 5 3 3 1 14 39 0 9 % 2
,
5 6 3 4 9 6 3 " F





2 5 6 6 3 4 4 3 8 7 7 10 / 14 / 9 5 1 1 2 7 4 2 0 3 9 9 2 1 1 5 0 0
2 5 44 34 9 5 9 5 1 10 / 14 / 9 5 1 1 14 50 0 0 10 4 3 1 2 1 0 0
2 3 7 9 3
1 1 4 7 4
2 0 6 4 4 1 1 55 8 0 8 % 2 , 6 9 9 5 2
8 3 2 5 1 16 4 5 1 8 % 1 ,0 1 1 3 1
2 5 4 4 3 5 6 6 10 2 2 10 / 14 / 9 5 1 1 14 5 0 0 0 1 0 9 5 1 2 6 2 0 11 9 7 2 8 2 3 1 17 2 2 1 4 % 1 , 0 0 4 3 0
2 5 4 7 34 6 3 9 16 10 / 14 / 9 5 1 1 14 50 0 0 1 1 4 6 1 3 1 3 0 1 10 3 8 7 8 8 9 1 1 79 7 1 8 % 1
,
0 0 8 3 2
6 3
R
6 4 ' ' F
12 2 5 4 5 3 5 4 2 9 9 7 10 / 14 / 9 5 1 1 15 5 0 0 0 1 1 9 7 1 3 6 3 0 12 0 9 4 8 9 4 5 1 18 7 2 1 2 % 1 , 0 5 7 3 1 1, 0 1 3
12 2 5 5 9 34 7 3 9 14 10 / 14 / 9 5 15 5 0 0 0 1 2 4 8 1 4 1 4 0 10 7 3 0 7 5 8 1 1 19 4 8 1 6 % 9 8 3 3 2 2 7
S a m p l e R u n 12 c
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 6
7 14 p C i
V i a l
W e i g ht
16 7 9
P r e -
W e i g h t
2 5 4 7




2 5 4 7
2 5 4 7
2 5 5 3
N / A
P o s t -
W e i g h t
3 5 4 5
3 5 4 5
3 5 4 5
35 5 3
N ; A
S c i n t






W a t e r






C o u n t T i m e
(m i n )
5 0 0 0
50 0 0
5 0 0 0
50 0 0
1 3 7
L SC T i m e











G r o s s
C o u n t
( c p m )
32 4 2
3 1 5 6
32 16
29 8 2
7 30 3 6 5






B a c k g r o u n d C o u n t : 3 1 4 9
Ca l i b r a t i o n F a c t o r 7 1 4 : 1 0 19
A dj a s t e d C F : 10 0 8
D e n s i t y : 1 0 0 C o u n t St a r t : 10 / 1 5' 9 5 12 : 40
R a d o n
C o n c e n t r a t io n
P r e
W e i g h t
P o s t
W e i g h t
(g )
C o l l e c t io n
T i m e
^ r : m m
( o u n t
T i m e
( ■" ■" )
L l a ps e d
T i m e
( m in )
G r o s s
Sa m p le
M a s s ( g )
C o l le c t i o n
D a t e
N e t C o u n t
( c p m )
D e c » \
64 5 cS a m p l e C o u n t C o r r e c t i o n
1 18 8 12 5 6 0 3 3 7 9 1 0 / 4 / 9 5 5 0 0 0 1 3 6 9 0
1 19 562 5 6 2 0 / 14 / 9 5 5 0 0 0 1 4 19 0 4 5 2 43 4 2 8
10 / 14 / 9 5 14 70 0 4 4 0 8 1 2 0 3 33 5 2 0 1 4 : 1 8 5 0 0 0
15 2 1 0 46 9 8 2 1 1 03 4 0 8 1 0 / 14 / 9 5 5 0 0 0
2 5 4 0







2 1 8 83 4 12
34 52
1 0 / 1 4 / 9 5
10 14 / 9 5 3 8 0 7 2 2 9 0
1 2 3 6 92 5 6 9 3 5 1 4 1 0 / 1 4 / 9 5 1 4 : 0 4 5 0 0 0 1 6 89 0 7 5 5 8 4 4 09
2 5 6 2 10 / 14 / 9 5 5 0 0 0 1 7 4 0 0 7 0 6 8 3 9 9 2 4 4 9
2 5 8 2 10 / 14 / 9 5 1 7 90 0 7 5 4 8 4 3 9 9 2 5 2 83 5 3 6
2 5 49 10 / 14 / 9 5
10 / 14 / 9 5
18 42 0
18 53 0
7 5 82 1 2 6 1 03 5 4 2 5 0 0 0
5 0 0 0 5 5 9 0 2 6 2 7
1 0 / 14 / 9 5 5 0 0 0 1 9 0 4 0 5 2 5 0 1 2 7 0 9
2 5 4 4 10 14 / 9 5 4 : 4 6 5 0 00 19 54 0 5 7 12 2 5 63 2 7 8 9
2 5 40 10 / 14 / 9 5 4 : 4 6 2 0 0 6 0 5 6 6 6 2 5 1 7 2 8 7 3
2 5 7 4 10 / 14 / 9 5 5 0 0 0 2 0 5 7 0
2 10 7 0
5 6 7 8 2 9 5 63 4 5 6
3 5 5 22 5 8 3 10 / 14 9 5 14 :4 7 5 0 0 0 4 1 02 3 0 3 8
2 5 7 5 2 15 7 0 1 3 12 03 3 8 6 1 0 / 1 4 / 9 5 5 0 0 0 3 9 4 2
3 5 2 0 I 0 / 14 ' 9 5 5 0 0 0 2 2 0 9 0 4 2 3 2 3 2 0 6
3 4 8 8 10 / 14 / 9 5 5 0 0 0 2 26 0 0 4 1 6 6 1 3 2 9 1
2 5 6 6 3 4 7 2 10 / 14 / 9 5
10/ 14 / 9 5
14 :4 8
15 : 0 6
2 3 1 1 0
2 3 44 0
4 1 0 6
6 0 9 4
1 3 3 7 7
1 3 4 3 32 5 6 2
2 5 3 6 3 4 4 6 1 0 / 14 9 5 5 0 0 0 2 3 96 0 5 7 9 2 2 6 4 3 3 5 2 1
3 5 7 2 1 0 / 14 / 9 5 1 5 :0 6 2 4 4 7 0 6 3 9 0 1 3 6 0 85 0 0 0
2 5 3 6 3 4 6 8 1 0 / 4,9 5 5 0 00 2 4 9 7 0 5 9 0 8 2 7 5 9 3 6 9 4
2 5 4 0 1 0 / 1 4 9 5 5 0 0 0 2 5 4 8 0 6 8 6 3 0 3 7 3 7 8 2
S a m p le R u n 13 a
0 0
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 6
7 1 4 p C i
V i a l




P i e -
W e i g W
i l L
2 5 4 7
2 S 5 ?
N / A
P o s t -
W e i g h t
M
3 5 4 5
3 5 53
N / A
Sc i n t .




W a t e r




C o u n t




L SC T im e








C r o s s
C o m i t
3 2 14
3 0 18
7 3 4 1 6 1
A c t i v i t y
D e n s it y : l OO C o u n t St a r t ; 1 1/3 9 5 1 4 : 1 2
B a c k gr o u n d C o u n t : 3 1 16
C a l ib r a t i o n F a c t o r 7 14 : 10 2 4
A dj u s t e d C F : 10 13
Po s t
W e i g h t
C o l l e c t i o n
T Un e
(h r : m i n
( / l a p s e d G r o s s
C o u n t
R a d o n




W e i g h t
( o u n f
T im e
n i l n . )
N e t C o u n t
( c p m )
Sa m p l e
M a s s (g )
C o l l e c t i o n
D a t e
D e c a y
C o r r e c t i o n
Sa m p l e 6 4 5 o r
3 0 5 9 0 2 3 0 2 7 8 6 0 5 4 50 6 3 1 1 3 ' 9 5 2 9
,
6 4 1
1 1 ' 3 /9 5 4 2 6 3 2 8 6 4 2 9 2 83 3 1 3 1 0 5 5 3 0
,
16 42 5 4 0
2 8 9 4 5 1 28 6 3 3 5 1 0 5 5 82 5 4 5 15 2 4 1 1 / 3 / 9 5 3 0 , 4 7 3
29 10 6 02 5 5 4 1 1 / 3 /9 5 43 5 3 2 9 4 1 7 6 1 0 5 6 3 0 2 % 3 1 . 0 5 5 3 0 . 3 0 7
2 5 3 9 3 5 7 9 43 9 4 3 0 4 2 5 5 30 1 1 3 9 1 0 5 6 9
1 0 5 6 7
1 0 4 0 1 1 / 3 / 9 5
19 6 1 5 7 19 3 0 4 12 5 4 3 1 1 / 3 / 9 5 4 3 8 5 2 1. 14 6
4 4 4 5 2 0 2 9 0 1 19 9 7 8 5 1 0 5 7 62 5 4 5 3 5 0 9 l l / 3 ' 9 5 0 3 ' !
'
o 2 1 . 6 2 9
19 7 6 4 8 19 4 5 3 2 1 0 5 8 32 5 3 8 3 4 9 7 1 1 / 3 /9 5 2 1
.
1 8 6
2 5 5 5 3 5 2 9 1 1 / 3 / 9 5 4 5 6 5 2 0 0 8 8 4 1 9 7 7 6 8 1 0 5 9 2 0 2 % 2U 2 3 2 1 2 1 5
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S a m p le R u n 13 b
\ o
C a l i br a t i o n D a t a
S a m pl e
B la n k 1
B l a n k 2
B l a n k s
B l a n k s
7 14 p C i
V i a l
W e i g h t
1 6 7 9
16 79
16 7 9
1 6 7 2
N ' A
P r e
We i g h t
2 5 4 7
2 5 4 7
2 5 4 7
2 5 5 S
N / A
P o s t -
W e i g h t
3 5 4 5
3 5 4 5
3 5 4 5
3 5 5 3
N / A
Sc bt t .






W a t e r






C o u n t







* T im e






L u m .
1 0 8 » b
l om o
9 4 " i)
7 3 ' > ( >
0 1%
CJr o s s
C o i m t
(c p m )
3 1 82
3 1 9 6
3 2 8 8
30 3 8
7 4 53 3 3






D e n s i t y 1 0 0 C o u n t St a r t : I I
' 2/ 9 5 18 :2 1
B a c k g r o u n d C o u n t : 3 1 7 6
C a l i b r a t i o n F a c t o r 7 14 : 10 39
A dj u s t e d C F : 10 2 9
l^ la p s e d R a d o n
C o n c e n t r a t i o
(p C i / L )
P r e
W e i g h t
2 5 54
Po s t -
W e i g h t
C o l l e c t i o n
T h n e
C o u n t
T im e
(m l n j
L S C
T im e
(m i n j
G r o s s
C o l l e c t i o n
D a t e
N e t C o u n t
( c p m )
D e c a j
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,
7 4 2
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2 5 4 8
3 4 6 8
3 5 1 2
3 5 3 5
3 5 9 5
3 4 57




3 4 0 5
3 5 89
3 5 17
3 4 8 1
3 6 38
3 6 17
3 5 3 7
3 5 5 3





















1 1 / 4 / 9 5
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10 : 0 6
10 : 2 4
10 : 2 4
10 : 2 5
10 : 2 5
10 : 2 5
1 0 : 2 8
10 : 2 8
10 : 2 9
10 :2 9
10 : 2 9
10 : 5 8
10 : 5 8
10 : 5 8
10 : 5 9
10 : 5 9
50 0 0






5 0 0 0
50 0 0
5 0 0 0
50 0 0
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
50 0 0
5 0 0 0
50 0 0




















6 9 4 0
74 6 0
7 9 7 0
84 9 0
88 2 0
9 3 4 0
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4 3 0 0
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6 5 1 2
6 2 2 4
5 7 3 2
6 1 8 6
6 0 6 4
4 3 9 6
4 3 7 4
4 1 5 0
4 1 8 4
4 2 4 2
6 9 3 4
6 0 2 0
6 7 6 4
6 5 2 4
7 1 2 8
4 4 10
3 3 8 4
3 0 9 6
2 6 0 4
3 0 5 8
2 9 3 6





3 8 0 6
2 8 9 2
3 6 3 6
3 3 9 6
4 0 0 0
1 1 14 1
1 11 8 7
1 12 5 8
1 133 2
1 140 5
1 14 7 7
1 15 5 1
1 16 2 5
1 17 00
1 17 7 5
1 18 50
1 18 70
1 1 9 4 7
1 2 0 2 2
1 2 09 8


















































6 0 ° F
3 57
2 3





S a m p le R u n 14 (V o l u m e T e s t )
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 6
7 14 pC i
V i a l
W e i g h t
16 7 9
16 7 9
1 6 7 9
1 6 7 2
N / A
P r e
W e i gh t
2 5 4 7
2 5 4 7
2 5 4 7
25 53
N / A
P o s t -
W e i g h t
3 5 4 5
3 5 4 5
3 5 4 5
3 5 5 3
N /A
S c l n t .






W a t e r






C ô u n t
T im e (m l n )
50 0 0
5 0 0 0
50 0 0
5 0 0 0
1 3 5
L SC T im e
(m l n )
D e n s i t y : 1 0 0 C o u n t S t a rt : 1 1/ 2 1 ' 9 5 10 : 4 7
G r o s s
C o u n t
(c p m )
3 2 9 6
3 1 7 6
3 0 6 2
3 0 4 4
7 4 14 8 1






B a c k g r o u n d C o u n t : 3 1 4 5
C a l i br a t i o n F a c t o r 7 1 4 : 10 3 4
A dj u s t e d C K : 10 2 3
4^
10 m L Sd n t i l l a l i o n F l u i d : 8 m L Sa m p l e
W e U Sa m p l e
P r e -
W e l g h t
M
2 5 2 9
2 5 3 5
2 5 3 6
2 5 3 5
25 3 3
2 5 2 2
25 2 9
P o s t -
W e i gh t
SSL
3 3 2 0
3 3 1 1
3 3 1 1
3 3 17
3 3 2 6
3 3 0 2
3 2 9 4
Sa m p l e








C o l l e c t i o n
D a t e
l l / 20 9 5
1 1/ 2 0 9 5
I l ' 2 0 9 5
l l / 2 0 ' 9 5
1 1/ 2 0 -9 5
1 1/ 2 0 ' 9 5
1 1/ 2 0 9 5
C
'
o Ue c t l o n
T i m e
(h r i m l n )
9 : 5 2
9 : 5 2
9 : 5 2
9 : 5 2
9 : 5 2
9 : 5 2
9 : 5 2
C o u n t
T im e
( m l n . )





1 5 6 9
16 1 1
L SC
T h n e








E l a p s e d
T im e
( m i n . )
15 5 5 2
15 9 8 2
16 4 2 2
16 8 6 3
17 2 9 5
17 7 3 2
18 0 0 9
G r o s s
C o u n t
( c p m )
19 3 6 6 6
19 3 5 9 9
1 9 3 6 3 5
19 4 8 3 1
19 9 8 5 6
19 14 8 5
18 6 5 18
N e t C o u n t
(c p m )
19 0 5 2 2
19 0 4 5 5
19 0 4 9 1
19 1 6 8 7
19 6 7 1 2
1 8 8 3 4 1
1 83 3 7 4
D e c a y
C o r r e c t i o n
1 2 16 3
1 2 2 2 9 2 9 3 2 6
1 2 2 9 7
1 2 3 6 5
1 2 4 3 3
1 2 5 0 1
1 2 5 4 5
R a d o n
C o n c e n t r a t i o n
( p CV l )
2 8 , 6 2 5








2 9 3 8 2








2 5 8 1 3 3 4 2 7 6 1 l l / 2 0 9 5 9 : 5 2 16 4 7 3 7 7 18 6 3 8 18 2 2 9 2 17 9 1 4 8 1 2 6 4 4 2 9 , 0 8 5 2 8 1 2 9 3 9 8
1 0 2 5 19 3 2 8 4 7 6 5 1 1' 2 0 / 9 5 9 : 5 2 16 3 2 4 2 3 19 0 9 8 18 4 0 6 8 1 8 0 9 2 4 1 2 7 18 2 9 3 9 0 2 8 4 4 0 6
1 0 n i L S c i n t i l l a t i o n F l u i d : 10 m t Sa m p l e
W c U Sa m p l e
1 2
P r e -
W e i g h t
2 5 5 2
P o s t -
W e i gh t
3 5 2 7
Sa m p l e
W e i g h t
i gl
9 7 5
C o l l e c t i o n
D a t e
l l 2 0 / 9 5
C o l l e c t i o n
T im e
(h r : n i l n )
9 : 5 2
C o u n t
T h n e




(m l n . )
8 2
E l a p s e d
T im e
(m i n )
15 7 0 8
G r o s s
C o u n t
i ££S L
2 4 3 5 6 4
N e t C o u n t
(c p m )
2 4 0 4 2 0
D e c a y
C o r r e c t i o n
1 2 18 7
R a d o n
C o n c e n t r a t i o n
2 9 3 6 2
1 6 4 5 a
2 8 2
1 3 2 5 2 4 3 5 0 3 9 7 9 1 1' 2 0 ' 9 5 9 : 5 2 12 2 4 12 6 16 14 9 2 4 5 2 6 8 2 4 2 1 2 4 1 2 2 5 4 2 9
,
6 1 3 2 8 5
1 4 2 5 1 8 3 4 8 4 9 6 6 l l / 2 0 '9 5 9 : 5 2 12 4 2 16 9 16 5 7 8 2 4 15 6 0 2 3 8 4 1 6 1 2 3 2 1 2 9
,
7 1 2 2 8 6
1 5 2 5 0 2 3 4 7 8 9 7 6 1 1 '2 0 / 9 5 9 : 5 2 12 4 2 2 13 17 0 1 8 2 4 2 0 16 2 3 8 8 7 2 1 2 3 8 9 2 9
.
6 2 8 2 8 5
1 6 2 5 2 3 3 5 10 9 8 7 1 1 2 0 / 9 5 9 : 5 2 12 1 8 2 5 6 17 4 4 9 2 4 6 6 2 0 2 4 3 4 7 6 1 2 4 5 7 3 0
,
0 2 5 2 8 9
1 7 2 5 2 5 3 4 9 2 9 6 7 1 1/ 2 0 / 9 5 9 : 5 2 12 8 4 2 8 6 17 7 4 6 2 3 3 8 9 5 2 3 0 7 5 1 1 2 5 0 3 2 9
.
1 5 3 2 8 1
1 8 2 5 7 6 3 5 5 3 9 7 7 1 1' 2 0 ' 9 5 9 : 5 2 12 4 5 3 3 2 18 2 0 8 2 4 10 5 8 2 3 7 9 1 4 1 2 5 7 6 2 9 , 9 2 4 2 8 8
1 9
2 0
2 5 2 3
2 5 3 5
3 5 0 4
3 4 0 2
9 8 1
8 6 7
1 1/ 2 0 /9 5
1 1 2 0 9 5
9 : 5 2





18 6 5 6
19 2 6 7
2 3 4 6 6 7
2 0 56 6 3
2 3 15 2 3
2 0 2 5 1 9
1 2 6 4 7









2 9 5 19
3 4 4
S a m p le R u n 14 (V o l u m e T e s t )
1 0 m L Sc i n t i l l a t i o n F l u i d : 12 n i L S a m p l e
W e l l S a m p l e
2 2
P r e -
W e i gh t
2 5 3 2
P o s t -
W e i g h t
3 6 9 0
Sa m p l e
W e i g h t
n 58
C o l l e c t i o n
D a t e
1 1/ 2 0 / 9 5
C o l l e c t i o n
T h n e
( h r : n i i n )
9 : 5 2
C o u n t
T i m e




( m i n )
9 4
E l a p s e d
T im e
( m i n . )
15 8 3 9
( Jr o s s
C o u n t
( c p m )
2 9 18 8 2
N e t C o u n t
(c p m )
2 8 8 7 3 8
D e c a y
C o r r e c t i o n
1 2 2 0 7
R a d o n
C o n c e n t r a t i o n




1. 6 4 5 CT
2 8 5
2 3 2 5 4 0 3 7 1 5 1 1 7 5 1 1 / 2 0 / 9 5 9 : 5 2 10 2 0 13 8 16 2 7 9 2 9 4 6 2 0 2 9 14 7 6 1 2 2 7 5 2 9 , 7 5 2 2 8 5
2 4 2 5 18 3 6 7 8 1 1 6 0 1 1/ 20 /9 5 9 : 5 2 10 4 1 18 2 16 7 1 8 2 8 8 7 17 2 8 5 5 7 3 1 2 3 4 3 2 9 , 6 9 0 2 8 5
2 5 2 4 9 9 3 6 6 6 1 1 6 7 1 1 / 2 0 /9 5 9 : 5 2 10 5 0 2 2 6 17 1 5 8 2 8 5 9 8 0 2 8 2 8 36 1 2 4 1 1 2 9 3 9 1 2 8 2
2 6 2 5 0 7 3 6 6 1 1 1 5 4 1 1/ 20 9 5 9 : 5 2 10 4 7 2 6 9 17 5 8 8 2 8 6 8 6 9 2 8 3 7 2 5 1 2 4 7 8 2 9 , 9 7 7 2 8 8
2 7 2 4 5 7 3 6 1 8 1 1 6 1 1 1' 2 0 / 9 5 9 : 5 2 10 6 8 3 14 1 80 3 7 2 8 1 1 7 6 2 7 8 0 3 2 1 2 5 4 9 2 9 3 6 4 2 8 2
2 8 2 5 4 5 3 7 0 1 1 1 5 6 1 1 / 20 ' 9 5 9 : 5 2 10 8 0 3 5 9 18 4 8 6 2 7 7 7 6 7 2 7 4 6 2 3 1 2 6 2 0 2 9 ^ 9 5 2 8 2 2 9 5 10
2 9 2 5 12 3 6 6 3 1 1 5 1 1 1 / 20 9 5 9 : 5 2 1 1 1 0 4 0 5 18 9 4 5 2 7 10 7 8 2 6 7 9 3 4 1 2 6 9 3 2 8 , 8 7 2 2 7 7 3 4 9
Sa m p l e s T a k e n W i t h Sy r i n g e
W e l l S a m p l e
P r c -
W e i g h t
M
Po s t -
We i g h t
M
Sa m p l e
W e i g h t
SML
C o l l e c t i o n
D a t e
C o l l e c t i o n
T im e
(h r i m l n )
C o i m t
T im e
( m h i . )
L SC
T im e
(n ri n . )
E l a p s e d
T im e
( m h i . )
G r o s s
C o u n t
J £ES L
N e t C o u n t
(c p m )
D e c a y
C o r r e c t i o n
R a d o n
C o n c e n t r a t i o n
( p C i /1)
1 . 6 4 5 a
1 1
2 1
2 5 3 8
2 5 2 7
2 5 1 5
3 3 10
3 4 9 6
3 6 7 2
7 7 1
9 6 9
1 1 5 7
1 1 2 0 /9 5
1 1/ 2 0 9 5
1 1/ 2 0 /9 5
9 : 5 2
9 : 5 2
9 : 5 2
18 0 3





16 6 5 6
1 52 3 4
15 3 9 0
16 6 5 59
19 8 3 9 5
2 4 8 7 3 8
16 3 4 1 5
1 9 5 2 5 1
2 4 5 5 9 4
1 2 3 3 3
1 2 1 1 4
1 2 1 3 8
2 5 , 5 2 7
2 3 , 8 5 3




S a m p le R u n I S a
C a l i br at i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l an k 6
7 1 4 p C i
V i a l






P r e -
W e i g h t
( g )
2 5 4 7
2 5 4 1
2 5 6 2
2 5 5 3
N / A
P o s t -
W e l g l i t
3 5 4 5
3 5 5 4
3 5 7 9
3 5 5 3
N / A
Sc i n t .






Wa t e r





N . ' A
C
'
o i u i t
T im e (m i n )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 0 0
1 3 7
L SC T im e







2 7 3 %
2 8 6 » o
2 6 8 » o
15 9 "' o
0 2 %
( i r o s s
C o u n t
( c p n i )
3 0 18
3 0 7 6
3 2 7 8
3 1 0 0
7 3 13 8 7
A c t i v i t y






B a c k g r o u n d C o u n t : 3 1 1 8
C a l i br a t i o n F a c t o r 7 14 : 10 2 0
A d ju s t e d C F : 1 0 0 9
W e ll S a m p l e
P r e -
W e i g h t
2 5 5 8
2 5 7 2
2 5 6 9
P o s t -
W e i g h t
3 5 7 1
3 5 1 1
3 5 3 3
Sa m p l e




C o l l e c t i o n
D a t e
12 / 1/9 5
12 / 1 9 5
12 / 1/ 9 5








C o u n t
T i m e










E l a p s e d
T i m e
(m i n . ]
4 4 3 5
4 4 7 5
4 5 0 5
G r o s s
C o u n t
[ c p m ]
3 3 7 1 3 8
3 2 5 9 2 8
3 3 5 5 7 0
N e t C o u n t
( c p m )
3 3 4 0 2 0
3 2 2 8 10
3 3 2 4 5 2
D e c a y
C o r r e c t i o n
1 0 5 7 4
1 0 5 7 9





R a d o n




3 6 , 0 2 9
3 6 , 1 5 6





6 5 ' ' F
t o
2 5 3 9 3 4 7 7 9 3 8 12 / 1 ' 9 5 10 : 1 4 3 0 8 2 2 3 4 5 3 5 3 2 4 8 0 5 3 2 16 8 7 1 0 5 8 7 0 5 % 3 5 , 9 6 9 5 9 4 3 5 , 6 2 2
2 5 4 7
2 5 4 2
3 5 3 5
3 4 7 9
9 8 8
9 3 7
12 / 1 /9 5 10 : 1 5 2 9 8 2 27 4 5 6 5 3 3 6 6 4 4 3 3 3 5 2 6
12 / 1 9 5 10 3 9 5 0 0 2 4 8 4 5 2 5 2 0 0 2 2 0 19 7 1 0 2
1 0 5 9 2
1 0 5 8 6
0 4 % 3 5 , 4 1 9
0 4 % 2 2 , 0 5 9
2 5 56 3 4 8 1 9 2 5 12 / 1 '9 5 10 : 39 5 0 2 2 54 4 5 8 5 19 9 4 0 2 19 6 2 8 4 1 0 5 9 4 0 4 ' ' b 2 2 , 2 7 0











6 5 ' F
2 5 4 8 3 5 4 5 9 9 7 12 / 1/ 9 5 10 :4 0 4 6 6 2 6 5 4 6 8 7 2 14 8 5 0 2 1 1 7 3 2 1 0 6 0 8 0 4 % 2 2 J 1 6 3 7 0 2 2 , 3 16
2 5 4 6 3 5 1 1 9 6 5 12 / 1/9 5 10 :4 0 4 7 3 2 7 1 4 7 4 6 2 1 15 6 4 2 0 8 4 4 6 1 0 6 16 0 4 % 2 2
,
7 15
2 5 4 4 3 4 3 6 8 9 2 12 / 1/ 9 5 1 1 : 1 1 10 72 2 8 2 4 5 1 6 9 3 2 8 4 9 0 1 6 6 1 0 5 8 5 0 9 % 1 0, 5 99
2 5 4 5 3 4 4 2 8 9 7 12 / 1 9 5 1 1 : 1 1 10 3 9 2 9 4 4 6 3 8 9 6 2 4 6 9 3 1 2 8 1 0 6 0 1 0 8 % 10 , 9 0 3







2 5 5 1 3 4 8 2 9 3 1 12 / 1/ 9 5 1 1 : 12 10 0 5 3 1 7 4 8 6 0 9 9 5 6 2 9 6 4 4 4 1 0 6 3 1 0 6 % 1 0
,
90 9 1 8 2 10 . 7 5 9
2 5 4 3
2 5 52
2 5 4 8
2 5 4 8
2 5 50
2 5 4 9
3 4 8 0 9 3 7 12 / 1/ 9 5 1 1 : 12 10 2 1 3 2 8 4 9 6 9 9 8 0 4 1 9 4 9 2 3 1 0 6 4 6 0 8 10
,
6 8 3
3 4 4 6
3 4 1 7
3 4 2 4
3 5 1 1











12 / 1, 9 5
12 / 1 9 5
1 2 / 1/ 9 5
12 : 26
12 : 2 6
12 : 2 6
12 : 2 6
12 :2 7
4 7 3 5
4 6 0 7
4 6 9 8







4 5 3 3
50 2 0
5 4 9 5
59 7 7
6 4 7 0
2 1 1 19
2 17 13
2 12 8 6
2 15 0 3
18 7 8 0
18 0 0 1
1 8 5 9 5
18 1 6 8
18 3 8 5
1 56 6 2
1 0 5 8 7
1 0 6 5 2
1 0 7 16
1 0 7 8 2






2 , 11 2
2 , 2 5 8
2 , 2 0 2
2 . 0 4 3











S a m p le R u n 15 a
W e l l 1 Sa m p l e s t } 8i n g P r o p o s e d M e t h o d : F i l l C o m p l e t e l y a t W e l l , E x t r a c t 8 n i L o f S a m p le w it h S>' r i n g e a d d 5 m l . S c in t i l l a t o r F l u i d i n t h e Î b
Wc B Sa m p l e
P r e
We i g h t
( g )
P o s t -
W e i g h t
(g )
S a m p l e
M a s s ( g )
(
"
o l l e c t i o n
D a t e
C o ll e c t i o n
T i m e
( h r : m i n )
C o u n t
T im e
( m i n . )
. s c :
T im e
(m i n . )
E l a p s e d
T im e
(m i n . )
G r o s s
C o i m t
( c p i n )
N e t C o i m t
(c p m )
D e c a y
C o r r e c t i o n
L m n .
R a d o n
C o n c e n t r a t i o n 1 6 4 5 o
1 5 0 0 1 2 1/ 9 5 10 13 2 18 2 3 0 4 6 1 9 4 59 2 6 6 4 5 6 1 4 8 1 0 59 9 0 3 3 1
,
5 9 9 5 2 7
1 5 0 0 1 2 / 1/ 9 5 10 13 2 14 2 3 3 4 6 4 9 4 6 7 7 10 4 6 4 5 9 2 1 0 6 0 3 0 3 3 2 , 1 9 6 5 3 7
3 1 0 9 7
15 0 0 1 2 / 1/ 9 5 10 14 2 2 3 2 3 6 4 6 6 9 4 4 9 6 8 6 4 4 6 5 6 8 1 0 6 0 5 0 4 3 0
,
9 5 5 5 16
1 5 0 0 1 2 / 1' 9 5 10 14 2 2 8 2 3 9 4 6 9 9 4 3 9 5 18 4 3 6 4 0 0 1 0 6 0 9 0 3 3 0 , 2 6 1 5 0 4
1 5 0 0 1 2 / 1/ 9 5 10 1 5 2 2 6 2 4 2 4 7 1 9 4 4 2 4 7 8 4 3 9 3 6 0 1 0 6 12 0 3 3 0
,
4 7 4 5 0 8
t o
S a m p l e R u n 1 5b
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 6
7 14 p C i
W e l l
8a
V i a l
W e i g h!
16 7 9




P r e -
W e i g ht
2 5 4 7
2 5 4 7
2 5 4 7
2 5 5 3
N / A
P o s t -
W e i g h t
(g )
3 5 4 5
3 5 4 5
3 5 4 5
3 5 5 3
N / A
Sc i n t






W a t e r






C o u n t T i m e
( m i n )
5 0 0 0
5 0 0 0
5 0 0 0
5 0 00
1 3 7
L SC T im e







1 1 4 °




G r o s s
C o u n t
3 2 16
3 2 92
3 1 3 2
2 9 72
7 3 3 4 3 1






B a c k g r o u n d C o u n t : 3 1 53
C a l i b r a t i o n F a c t o r 7 14 : 10 2 3
^ dj a s t e d C F : 10 12
D e n s it y : 1 0 0 C o u n t St a r t : 1 2/ 14 / 9 5 1 8 :3 9
Sa m p l e
P r e -
W e i g h t
2 5 4 7
25 4 3
2 5 6 4
P o s t -
W e ig ht
34 5 4
3 5 7 3
34 7 6
Sa m p l e




C o l l e c t i o n
D a t e
12/ 14 /9 5
12 / 14 /9 5
12/ 14 / 9 5
C o l l e c t i o n
T i m e
(h r : m i n )
16 : 5 9
16 : 5 9
16 : 5 9
C o u n t
T i m e
( m i n )
2 8 7 1
2 7 53
2 8 4 4
L SC
T im e




E l a p s e d
T im e
( m i n )
3 2 2 6
3 5 2 2
3 80 8
CJ r o s s
C o u n t
(c p m )
34 8 3 1
36 3 3 1
3 5 1 6 2
N e t C o u n t
( c p m )
3 16 7 8
33 1 7 8
3 2 0 0 9
D e c a y
C o r r e c t i o n
1 0 4 15
1 0 4 5 3
1 0 4 9 1
L u m
0 7 » i )
0 9 %
1 0%
R a d o n
C o n c e n t r a t io n














8a 2 5 3 7 3 5 0 3 9 6 6 12/ 1 4 / 9 5 17 : 0 0 26 6 6 3 2 3 4 0 8 7 3 7 5 0 9 34 3 5 6 1 0 5 2 8 0 9 % 3
,
6 9 9 6 7 3 5 9 3
to





3 5 6 5
3 4 3 8
10 20
8 9 7
12/ 1 4 / 9 5 17 : 0 0 2 5 3 9
12 / 1 4/ 9 5 16 : 5 7 50 0 0
3 4 9
4 0 1
4 3 5 3 39 3 9 3 36 2 4 0 1 0 5 6 3 0 8 ° ' o 3
.
7 0 8 6 7
4 7 8 0 110 14 7 8 6 1 1 0 6 2 0 2 5% 9 19 3 0
2 5 4 6 33 8 4 8 3 8 12 / 14 / 9 5 16 : 5 7 50 0 0 4 5 2 5 29 0 10 2 8 0 7 1 2 7 1 0 6 89 2 3 % 89 8 3 1
2 5 4 1 34 0 7 8 6 6 12 / 14 / 9 5 16 : 5 7 50 0 0 5 0 4 5 8 1 0 1 0 7 5 6 7 6 0 3 1 0 7 5 9 2 7 ' " o 9 3 3
15 6
8 b 25 4 2 34 7 5 9 3 3 12 / 14 / 9 5 16 : 5 8 50 0 0 55 5 6 3 1 0 1 12 8 0 8 1 2 7 1 0 8 2 7 1 9 % 93 2 2 9 9 2 6
8b 25 4 5 3 4 2 8 8 8 3 12 / 14/ 9 5 16 : 5 8 5 0 0 0 6 0 6 6 8 2 0 10 9 3 6 7 7 8 3 1 0 8 9 7 2 5% 9 4 9 3 1 19
2 5 4 3 34 6 1 9 1 8 12 / 14 / 9 5 16 : 4 2 4 9 5 0 6 5 7 7 4 9 3 20 2 0 4 1 7 0 5 1 1 0 9 8 9 1 3 % 2
,
0 1 6 4 0
25 3 9 3 5 13 9 7 4 12 / 14/ 9 5 16 : 4 2 4 7 4 8 7 0 6 7 9 9 3 2 10 6 1 179 0 8 1 10 5 9 1 4 ' ! 'o 2
,
00 9 4 0
25 4 9 3 5 1 9 9 7 0 12 / 14 / 9 5 1 6 : 4 3 4 9 0 1 75 6 8 4 7 5 20 4 0 4 17 2 5 1 1 1 1 2 6 4% 1 , 9 5 5 3 9
2 5 4 9 34 6 8 9 1 9 12/ 14 / 9 5 16 : 4 3 49 3 6 8 0 7 8 9 8 3 2 0 2 5 9 1 7 1 0 6 1 1 19 7 1 3 % 2
,




2 5 3 7 34 0 5 8 6 8 12 / 14 /9 5 16 : 4 4 50 0 0 8 5 8 9 4 8 0 18 7 8 4 156 3 1 1 12 6 8 1 6 % 2
,
0 0 4 4 2




9 5 16 : 19 3 7 4 5 89 7 10 18 3 2 6 7 0 5 2 3 5 52 1 13 6 8 1 3% 2
,
8 1 1 53
25 5 2 3 5 8 6 10 3 4 12 / 14 / 9 5 16 : 19 3 4 7 1 9 3 3 10 5 5 6 2 8 8 16 2 56 6 3 1 14 2 1 1 1% 2
,
80 0 52
2 5 5 8 3 6 0 8 10 50 1 2 / 14 / 9 5 16 : 2 0 34 7 0 9 6 9 10 9 0 7 2 8 8 3 3 2 5 6 8 0 1 1 4 7 2 0 9 ' > 'o 2 , 77 2 52
3 7





2 5 5 1 36 6 9 1 1 18 12 14 / 9 5 16 : 2 0 3 3 18 1 0 4 0 1 16 2 4 30 1 4 2 2 6 9 89 1 1 57 6 0 9% 2 , 76 1 5 1
2 5 3 5 3 5 2 2 9 8 7 12 14/9 5 16 : 2 6 50 0 0 10 9 2 12 0 0 0 13 3 8 0 10 2 2 7 1 1 6 3 1 1 4% 1
,
19 1 32
2 5 4 1 34 8 1 9 4 0 12 / 14 /9 5 1 6 : 2 6 50 0 0 1 14 3 12 5 1 0 12 1 8 6 9 0 3 3 1 17 0 6 1 7% 1 , 1 1 1 3 3







2 5 3 4




12 / 1 4/9 5
12 / 14 / 9 5
16 : 2 7
16 :2 7
5 0 0 0
5 0 0 0
1 24 5
1 29 7
1 3 5 2 0
14 0 4 0
13 8 7 2
12 8 82
10 7 19
9 7 2 9
1 1 85 6
















S a m p l e R u n 15c
C a l i b r a t i o n D a t a
S a m p l e
B l a n k 1
B l a n k 2
B l a n k 3
B l a n k 6
7 14 p C i
V i a l
W e i g ht
16 79
16 79
1 6 7 9
1 6 72
N / A
P r e -
VV e i g h t
2 5 4 7
2 5 4 7
2 5 4 7
2 5 5 3
N ' A
P o s t -
W e i g h t
ML
3 5 4 5
3 5 4 5
3 5 4 5
3 5 53
N/ A
Sc i n t






W a t e r






C o u n t T i m e






L SC T i m e












G r o s s
C o u n t
( c p m )
32 0 4
3 1 9 6
3 0 6 0
30 2 2
7 16 2 1 4






B a c k g r o u n d C o u n t : 3 1 2 1
C a l ib r a t i o n F a c t o r 7 14 : 9 99
A dj u s t e d CF : 9 8 8
W e l l S a m pl e
P r e -
W c i g hl
2 5 5 1
2 5 5 6
2 5 4 4
Po s t -
W e i g h t
3 4 6 8
3 5 8 1
3 5 10
Sa m p l e




C o l l e c t i o n
D a t e
12 / 2 2 / 9 5
1 2 /2 2 / 9 5
12 / 2 2/ 9 5
C o l l e c t i o n
T i m e
( h r : m i n )
1 7 : 16
1 7 : 16
1 7 : 17
C o u n t
T i m e
(m i n )
5 0 0 0
5 0 0 0
5 0 0 0
I , SC
T i m e




E l a ps e d
T i m e
( m in )
3 4 8 0
4 0 0 0
4 50 0
G r o s s
C o u n t
(c p m )
4 7 8 2
4 9 9 0
4 6 1 2
N e t C o u n t




D e c a y
C o r r e c t i o n
1 0 4 4 8
1 0 5 1 6
1 0 5 8 3
L u m
4 2 ° o
! 9 %
3 5%
R a d o n
C o n c e n t r a t i o n



















2 5 4 5 3 5 32
2 5 4 6 3 3 40
9 8 7
7 9 4
12 / 2 2/ 9 5 17 : 17 5 0 0 0 4 6 3 5 52 0 4 9 2 4 1 8 0 4 1 0 7 2 0 3 7% 19 8 19
12 / 2 2/ 9 5 1 6 : 55 5 0 0 0 5 15 6 26 0 53 7 8 2 2 5 8 1 0 8 2 0 3 8° o 3 11 2 5
2 5 4 0 3 4 1 1 8 7 1 1 2 / 2 2 / 9 5 1 6 : 5 5 5 0 0 0 5 6 6 6 7 7 0 5 7 1 8 2 5 9 8 1 0 8 9 0 4 6 % 3 2 9 2 4
2 5 54
2 5 4 6
2 5 3 8
2 5 5 1
2 5 74
2 5 4 4
2 5 50
2 5 4 2
3 4 66
3 5 4 7
3 5 0 6
3 6 5 8
3 5 50
3 6 14
3 5 6 7




1 1 0 7
9 7 6
1 0 7 0
1 0 17
1 0 4 9
12 / 2 2 / 9 5
12 / 2 2 / 9 5
l 2 / 2 2 ' 9 5
12 / 2 2 9 5
12 / 2 2 / 9 5
12 '2 2 ' 9 5
12/ 22 /9 5
12/ 22 / 9 5
1 6 : 56
1 6 : 56
16 : 56
1 7 : 2 8
1 7 : 2 8
17 :2 8
17 : 2 9
17 : 2 9
5 0 0 0
5 0 0 0
5 0 0 0
5 0 00
5 0 00
5 0 0 0
5 0 0 0









7 2 7 0
7 79 0
83 0 0
8 4 9 0
9 0 0 0
9 5 2 0
1 00 2 0
1 0 53 0
6 0 3 0
6 2 76
6 2 76
6 8 6 4
7 2 7 6
7 2 9 4
7 1 5 4
6 9 2 6
2 9 10
3 1 5 6
3 1 5 6
3 7 4 4
4 1 56
4 1 7 4
4 0 34
3 8 06
1 0 9 5 8
1 10 3 0
1 110 1
1 1 12 8
1 12 0 0
1 12 7 3
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S a m p l e
B l a n k 1
B l a n k 2
B l a n k s
B l a n k 6
7 14 p C i
V i a l




1 6 7 2
N / A
P r e -
W e i g h t
2 5 4 7
2 5 4 7
2 5 4 7
2 5 5 J
N / A
Po s t -
W e i gh t
_ i SL _
3 5 4 5




W a t e r






C o u n t T i m e




5 0 0 0
1 3 7
L SC T i m e






G r o s s
C o u n t
_
(c £ m 2.
3 0 18
3 0 7 6
32 7 8
3 1 0 0
73 13 8 7
A c t i v i t y
I ) e n s i t y : 1 0 0 l Z






B a c k g T ra i n d C o u n t : 3 1 1 8
C a l i b r a t i o n F a c t o r 7 1 4 : 1 0 2 0
A d j u s t e d C F : 1 0 0 9
1 0 m L Sc i n t i l l a t i o n F l u i d : 6 m L Sa m p l e
W e l l S a m p l e
P r e -
W e i g h t
2 5 3 2
2 5 4 4
2 5 5 3
2 5 3 5
2 5 5 3
2 5 3 0
2 5 3 4
2 5 4 7
Po s t -
W e i gh t
3 1 40
3 1 4 7
3 1 54
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o l le c t l o n
D a t e
12 / 1/ 9 5
12 / 1/9 5
12/ 1/9 5
12 / 1/ 9 5
12 / 1/ 9 5
12 / 1/ 9 5
12 / 1/ 9 5
12 / 1 / 9 5
( lo l l e c t i o n
T i m e
( h r m i n )
1 0 : 18
10 : 18
10 : 18
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C o u n t
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( m i n )
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1 5 18
1 5 4 8
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1 6 5 9
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B; i a p s e d
T im e
(m i n )
76 6 3
8 3 5 4
9 0 6 3
9 76 1
10 4 8 1
1 12 1 4
1 19 5 7
12 7 0 6
G r o s s
C o u n t
( c n m )
19 4 9 3 8
1 9 7 7 4 4
19 40 14
19 11 6 8
18 90 4 8
17 4 8 6 0
18 10 3 9
17 9 6 0 7
N e t C o u n t
(c p m )
19 18 2 0
19 46 2 6
1 9 0 8 9 6
1 8 80 5 0
18 59 3 0
17 17 4 2
17 79 2 1
17 6 4 8 9
D e c a y
C o r r e c t i o n
1 10 1 3






1 7 3 5
R a d o n
C o n c e n t r a t i o n































2 5 5 0 3 1 5 1 12 / 1/ 9 5 10 : 18 1 6 9 5 5 9 9 13 4 6 5 17 7 2 6 9 1 7 4 1 5 1 1 8 4 7 3 4 , 0 0 7 3 29 3 4 3 2 8
10 2 5 3 9 3 1 4 3 12 1/ 9 5 10 : 18 17 2 5 6 7 6 14 2 3 4 174 0 4 3 17 0 9 2 5 1 19 6 3 33 , 53 5 3 2 4 70 9
10 m L Sc i n t il l a t io n F l u i d : 7 m L Sa m p l e
W e l l S a m p l e
P r o
W e i g ht
P o s t
W e i g ht
C o l l e c t i o n
D a t e
C o l l e c t i o n
T i m e
(h n m i n )
C o u n t
T im e
(m i n )
L S C
T i m e
( m i n )
E l a p s e d
T im e
(m i n )
G r o s s
C o u n t
(c p n i )
N e t C o u n t
(c pm )
D e c a y
C o r r e c t i o n
R a d o n
C o n c e n t r a t i o n
( pC i / l )
1 6 4 5 n
2 5 6 2 3 2 56 1 2 / 1/ 9 5 10 : 1 S 13 3 5 3 3 7 8 2 3 2 2 5 0 7 8 2 2 19 6 0 1 10 3 5 3 4
,
9 6 2 3 3 7
2 5 5 1 32 55 12 / 1/ 9 5 10 : 1 8 13 4 1 10 3 8 52 3 2 2 4 0 4 7 2 2 09 2 9 1 1 13 3 3 4
,
6 0 8
2 5 4 2 32 43 12 / 1/ 9 5 10 : 1 8 1 3 5 0 17 3 9 2 2 3 2 2 2 3 14 2 19 1 9 6 1 12 3 1 3 4
,
7 8 9 3 3 5
2 5 4 4 32 4 8 12 / 1 /9 5 1 0 : 18 1 3 77 2 4 4 9 9 3 1 2 18 3 9 8 2 15 2 8 0 1 1 3 3 2 3 4
,
3 2 7 3 3 0
2 5 5 0 3 2 5 1 12 / 1/ 9 5 10 : 1 8 13 9 2 3 16 10 6 5 0 2 1 59 8 4 2 12 8 6 6 1 14 3 5 3 4
,
3 9 7 3 3 1
2 5 4 5 32 40 12/ 1,' 9 5 10 : 18 1 4 2 8 3 9 0 1 13 8 9 2 10 2 3 4 2 0 7 1 16 1 15 4 2 3 4 , 0 7 2 3 2 9
2 5 4 7 3 2 53 12 / 1/ 9 5 10 : 18 1 4 16 4 6 4 12 12 9 2 12 1 3 9 2 0 90 2 1 1 16 5 0 3 4
,
16 7 3 29
2 5 5 7 3 2 50 12 / 1/9 5 1 0 : 1 2 6 9 5 4 0 128 9 7 2 0 2 7 8 4 1 9 9 6 6 6 1 17 6 3 33
,
57 3 3 5 0





3 9 8 I
3 3 0
10 2 5 5 0 3 2 4 1 12 ' l / 9 5 1 0 : 1 8 1 5 2 1 6 9 3 1 4 4 1 4 19 74 2 6 194 3 0 8 1 19 9 0 3 2 2
S a m p l e R u n 1 5 (V o l u m e T e s t )
1 0 m L S c i n t i l l a t i o n F l u i d : 8 m l . S a m p l e
W e l l S a m p l e
P r e -
W e i g h t
P o s t -
W e i gh t
C o l l e c t i o n
D a t e
C o l le c t io n
T i m e
(h r : n i i n )
C o u n t
T i m e
(m i n )
L S C
T im e
( m i n )
E l a p s e d
T i m e
(m i n )
G r o s s
C o u n t
^c pm )
N e t C o u n t
(c p m )
D e c a y
C o r r e c t io n
R a d o n
C o n c e n t r a t i o n 1 6 4 5 CT
25 4 7 3 3 3 5 1 2/ 1/ 9 5 10 1 8 1 1 8 2 4 7 79 7 1 2 5 3 9 16 2 5 0 7 9 8 1 10 56 3 4 , 8 5 6 3 3 5
25 6 6 3 3 7 2 1 2/ 1, ' 9 5 10 1 8 1 1 7 3 1 16 86 6 1 2 5 6 4 4 4 2 53 3 2 6 1 1 152 3 4
,
72 2 3 33
25 6 6 3 3 6 2 1 2 ' 1 ,
'
9 5 1 0 1 1 9 7 16 7 9 1 7 0 2 5 0 6 1 2 2 4 7 4 9 4 1 12 2 4 3 4
,
56 9 3 3 3
2 5 5 3 3 3 53 12/ 1, ' 9 5 10 1 1 8 5 2 5 8 10 0 8 1 2 53 3 0 7 2 50 1 8 9 1 13 53 3 5
,
1 7 2 3 3 8
25 5 0 3 3 4 6 12 ' 1,' 9 5 10 1 8 12 24 3 3 0 10 7 9 9 2 4 5 8 6 8 2 4 2 7 50 1 14 56 3 4 , 6 0 9 3 33
25 4 6 3 3 4 2 1 2/ 1/ 9 5 10 12 5 7 4 0 5 1 1 54 7 2 3 9 0 8 2 2 3 5 9 6 4 1 156 5 3 3 , 96 0 3 2 7
25 4 2 3 3 4 2 1 2/ 1/ 9 5 10 1 8 12 69 4 7 9 12 2 8 7 2 3 6 5 10 2 3 3 3 9 2 1 16 73 3 3
,
73 5 3 2 5
25 5 4 3 3 6 0 1 2/ l / 9 5 1 0 12 6 9 5 5 4 13 0 3 7 2 3 6 9 0 0 2 3 3 7 8 2 1 17 8 4 3 3
,
8 5 8 3 26
25 3 4 3 3 3 7 1 2 T ;
'
9 5 10 1 8 12 8 7 6 3 0 13 7 9 6 2 3 3 4 2 1 2 3 0 3 0 3 1 18 97 3 3
,
80 0 3 2 5 3 4 23 8
10 25 3 3 3 3 2 4 1 2/ 1/ 9 5 10 18 13 4 7 7 0 8 1 4 5 7 3 2 2 3 1 40 2 2 0 0 2 2 1 2 0 14 3 3
,
1 0 3 3 1 9 6 40
10 m L Sc in t il l a t io n F l u i d : 9 m l . S a m p l e
W e l l S a m p l e
P r e -
W e i g h t
i i L
2 5 6 7
P o s t -
We i gh t
34 6 7
C o l l e c t i o n
D a t e
12 / 1; 9 5
C o l l e c t io n
T i m e
(h r : m i n )
10
C o u n t
T i m e




(m i n )
59
E l a ps e d
T im e
( m i n )
80 9 9
G r o s s
C o u n t
2 9 2 1 56
N e t C o u n t
(c p m )
2 89 0 3 8
D e c a y
C o r r e c t i o n
1 10 73
R a d o n
C o n c e n t r a t i o n




1 6 45 CT
3 3 8
2 5 5 7 3 4 5 9 12 1/ 9 5 10 1 8 10 3 8 12 9 87 9 8 2 8 9 6 4 7 2 86 5 29 1 1 17 1 3 5
,
1 53 3 3 7
2 5 5 7 3 4 5 3 1 2/ 1/ 9 5 1 0 1 8 1 0 6 2 19 9 9 4 9 7 2 8 2 7 9 3 2 79 6 7 5 1 1 2 7 0 3 4
,
8 4 8 3 3 5
2 5 4 2 3 4 3 5 12 / 1/ 9 5 10 1 8 10 9 2 2 7 1 10 2 1 5 2 7 4 9 50 2 7 18 3 2 1 13 7 2 3 4
, 2 9 3 3 2 9
25 4 9 3 4 4 6 1 2/ 1/9 5 1 0 1 8 1 0 9 2 3 4 3 1 09 3 5 2 7 4 7 4 2 2 7 1 6 2 4 1 14 7 6 3 4
,
4 2 4 3 3 1
25 4 2 3 4 3 7 1 2/ 1, ' 9 5 1 0 1 1 0 7 4 18 1 16 8 5 2 7 1 3 9 1 26 82 7 3 1 15 8 5 3 4 , 3 9 9 33 0
10
2 5 5 4
2 5 4 5
2 5 4 1
2 5 2 3
34 3 9
34 4 3
3 4 2 2
3 4 14
12 1, ' 9 5
12 1/ 9 5
1 2 / 1 / 9 5
1 2 / 1 /9 5 1 8
1 1 2 5
1 1 2 2






12 4 2 4
1 3 17 4
1 39 4 0
1 47 2 0
2 6 6 6 80
2 6 7 7 76
2 50 9 6 4
2 4 8 9 59
2 6 3 5 6 2
2 6 4 6 5 8
2 4 7 8 4 6
2 4 58 4 1
1 16 9 3
1 18 0 4
1 19 18
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10 m L Sc i n l il l at i o n F l u i d : 10 n i L S a m p l e
W e l l S am p le
P r e -
W e i g h t
ML
P o s t
W e i gh t
M
C o ll e c t i o n
D a t e
C o l l e c t i o n
T i m e
(h r t m i n )
C o u n t
T i m e
( m i n )
I , S C
T i m e
( m i n )
E l a p s e d
T im e
G r o s s
C o u n t
(c p m )
N e t C o u n t
( c p m )
D e c a y
C o r r e c t io n
R a d o n
C o n c e n t r a t i o n
( p C i / 1)
1 64 5 o
2 5 5 6 ? 5 5 2 1 2/ 1/ 9 5 10 9 4 2 7 0 8 2 1 3 5 19 2 56 3 16 1 3 8 1 10 89 34
,
8 6 8 3 3 4
2 5 5 7 3 5 4 4 12 / 1 9 5 1 0 18 9 6 0 1 4 0 8 9 1 2 3 12 9 59 3 0 9 8 4 1 1 1 1 87 3 4 , 7 9 0 3 34
2 5 5 2 3 5 5 0 1 2 / 1/ 9 5 1 0 18 9 5 1 2 1 1 9 6 2 2 3 1 5 8 5 3 3 12 7 3 5 1 2 8 3 5
,
0 4 0 3 3 6
2 5 6 2 3 5 6 1 12 / 1/ 9 5 1 0 9 72 2 8 2 10 3 3 1 3 0 9 3 50 3 0 6 2 3 2 13 89 34 , 5 8 4 3 3 2
2 5 4 1 3 5 3 9 1 2/ 1/ 9 5 10 18 9 9 0 3 5 5 1 10 6 1 3 0 3 3 2 1 3 0 0 2 0 3 149 4 34
,
2 5 0 3 2 9
2 5 5 1 3 5 4 2 1 2 / 1/ 9 5 10 10 0 8 4 3 0 1 18 1 0 29 8 2 5 8 2 9 5 1 4 0 16 0 3 3 4
,
2 3 1 3 2 8
2 5 4 7 3 5 5 0 12 / 1 9 5 10 18 1 0 0 5 50 4 12 5 5 0 2 9 9 3 0 9 2 9 6 1 9 1 1 7 12 3 4 , 2 6 0 3 2 8
2 5 3 1 3 5 2 4 12 / 1/ 9 5 10 18 1 0 56 5 8 0 13 3 0 7 2 8 4 7 6 0 2 8 16 4 2 1 82 4 33
,
2 2 1 3 1 9
1 0
2 5 4 2
2 5 4 4
3 5 3 1
3 5 3 6
1 2/ 1/ 9 5
1 2 T / 9 5 18




14 0 6 8
14 8 4 8
2 8 9 2 76
2 8 6 4 89
2 8 6 1 5 8
2 83 3 7 1
19 3 8
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t h e E PA h a s a p p r o v e d t w o s c in t i l la t i o n c o u n t i n g
m e t ho d s f o r c o m p l i a n c e s a m p l in g o f
^^ ^
R n in w a t e r : li q u i d s c i n t i l l a t i o n c o u n t in g a n d th e L u c a s
C e l l m e t ho d Sc i n t il l a t i o n c o u n t i n g r e f e r s t o a n y o f a n u m b er o f p r o c e s s e s t h a t q u a n t if y
r a di o a c t i v i t y by m e a s u r in g t h e r a t e o f li g ht e m i s s io n (s c in t i l la t io n s ) c a u s e d by r a d i o a c t i v e
e v e n t s
I n li q u i d s c i n t il l a t i o n c o u n t in g , r a d i o a c t i v e su b s t a n c e s a r e p l a c e d di r e c t l y in a
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R n g a s i s s e pa r a t e d fr o m t h e w a t e r a n d t he n p a s s e d
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^ ^^
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,
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r e l a t e d t o t h e k n o w n a c t iv i t y o f
^ ^ ^
R n
A la b o r a t o r y m a y u s e s e v e r a l
^ ^ '
Tl a s t a n d a r d s f o r c a l i br a t io n p u r p o s e , w i t h a c t i v it ie s
s p a n n in g t h e e x p e c t e d r a n g e o f w a t e r s a mp l e s b e i n g a n a l y z e d A t l e a s t o n e r a d iu m s t a n d a r d
s ho u l d b e c o u n t e d w i t h e a c h m a in s a m p li n g r u n B e c a u s e o f r a d i u m
'
s l o n g h a l f - l i f e , it c a n b e
a s s u m e d t h a t e a c h T l a st a n da r d c o n t a in s a c o n s t a n t a c t iv it y o f R n f o r m a n y y e a r s
W h e n a w e ll w a t e r s a m p l e is a n a ly z e d , it i s a s s u m ed t ha t a l l a c t iv i t y i s fr o m
^ ^^
R n
T h e r e m a y b e t r a c e a m o u n t s o f









a n d o t h e r is o t o p e s ; b u t t h e a c t i v it y o f t h e s e
i s o t o p e s s h o u l d b e q u i t e s m a l l c o m p a r e d t o
^ ^R n I t i s a s s u m e d t h a t a ll a c t i v it y i n a s a m pl e i s
a s s o c i a t e d w i t h t h e R n a t t im e o f sa mp l in g I f t he r e a r e a n y R n pr o g e n y i n w e l l w a t e r , t h e
s ho rt er - l iv e d pr o g e n y w i ll d e c ay c o n s id e r a b l y b y th e t im e t he s am p l e s a r e pr o c e s s e d an d
c o u n t e d (a t l e a s t f o u r ho u r s l a t e r ) .
T he l i qu i d s c i n t il l a t i o n fl u i d u s e d t o e v a lu a t e
^ ^ ^
R n i n w a t e r i s o r g a n i c - b a s e d (m i n e r a l
o i l - b a s e d i n t h i s s t u d y ) a n d i s im m i s c ib l e w it h w a t e r T h e i n e rt
^ ^
R n g a s i s m u c h m o r e s o l u b l e
i n t h e s c in t i ll a t o r s o l v e n t t ha n it i s i n w at e r H o w ev e r
,
^ ^ ^
R n pr o g e n y (a n d a n y r a d iu m ) a r e
m u c h m o r e s o lu b l e i n t he w a t e r ph a s e o f t he c o c k t a i l So m e
^ ^
R n g a s w il l e s c a p e fr o m t he
s c in t i l la t o r p h a s e in t o t h e a i r s pa c e a t t he t o p o f t h e v i a l O n l y a fr a c t i o n o f t hi s
^ ^ ^
R n c a n
p r o d u c e s c in t i l l a t io n e v e n t s i n t he s c i n t i ll a t o r ph a s e




R n di s s o lv e s in t h e o r g a n i c p h a s e a n d a n y p r o g e n y
a r e d i s s o l v e d i n t h e w a t e r p h a s e A ft e r s it t in g u n d i s t u r be d f o r t hr e e t o f o u r ho u r s ,
^ ^ ^
R n
p r o g e n y w i ll h a v e r e a c h e d s e c u la r e q u i li bri u m Si n c e t h e r e i s n o t r a n s p o rt m e c ha n i s m t o m o v e
t h e s e p r o g e n y o u t o f t h e o r g a n i c p h a s e , t h e y w il l r e m a i n t h e r e w it h t h e
^^
R n a n d c o n t ri b u t e t o
s c in t il la t io n e v e n t s D u e t o t he hi g h a t t e n u a t i o n i n t h e w a t e r p h a s e , m o st d e c a y s o c c u r ri n g in
t he w a t e r p ha s e w il l n o t p r o du c e s c i n t il l a t i o n i n t h e s c in t i ll a t o r p h a s e
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A p p e n di x B
D u ri n g t h e in i t ia l p ha s e s o f t h i s s t u d y , t h e r e w a s a c o n c e r n a b o u t w h a t w a s ha pp e n i n g
t o t he p a r t it i o n i n g o f
^ ^
R n a n d p r o g e n y a ft e r s h a k i n g T hi s c o n c e r n a r o s e be c a u s e s o m e
s a m p l e s w e r e be i n g c o u n t e d a pp r o x im a t e l y fo u r h o u r s a ft e r s h a k i n g , w h il e o t h e r s w e r e b e in g
c o u n t e d m o r e t h a n a d a y l a t e r H o w e v e r , a s r e p o r t e d in A pp e n di x D , a n e x p e ri m e n t w a s r u n
w h ic h s e e m e d t o in d ic a t e t h a t t h e
^^
R n a n d pr o g e n y w i ll s t a y in t h e s c i n t il l a t o r ph a s e i f t he
c o c k t a i l i s n o t ag i t a t e d
S p e c t r al d a t a a r e di sp l a y e d in t h e fi g u r e s o n t h e f o ll o w in g p a g e s T h e s e s p e c t r a c l e a r ly
s h o w t he a l p ha p e a k s a s s o c i a t e d w i t h c o u n t i n g
^ ^
R n T h e fi r s t fi g u r e i s t he s p e c t r u m fi
-
o m a
c o u n t o f t h e 7 14 p C i r a di u m s t a n d a r d , s ho w in g t h e fi r s t 7 0 0 c h a n n e l s T he s e c o n d fi g u r e s h o w s
th e r a di u m s p e c t r u m s u p e r im p o s e d o n a w e l l w a t e r s p e c t r u m I t c a n b e s e e n fi
'
o m t hi s fi g u r e
t h a t t h e r e i s a s p e c t r a l s hi ft in t he r a d iu m s t a n d a r d d u e t o q u e n c h in g T he SI S a n d t SI E da t a fo r
t hi s r e f e r e n c e a n d t he w e ll w a t e r s a mp l e s h o w m o r e q u e n c h i n g in t h e s t a n d a r d T hi s s hi ft du e
t o q u e n c hi n g is n o t im p o r t a n t in t h i s s t u d y , b e c a u s e o f t h e w i d e c o u n t i n g w in d o w ( 5 t o 18 50
k e V ) F o r t h e s p e c t r a s h o w n i n F i g u r e B - 2 , 9 6 7 p e r c e n t o f t he r e f e r e n c e c o u n t s a r e w it hi n t hi s
w i n d o w a n d 9 8 0 p e r c e n t o f t he w e ll s a m pl e c o u n t s a r e w it h in t hi s w i n d o w I f t h e c o u n t i n g
w i n do w i s n a r r o w e d t o d e c r e a s e c o u n t i n g u n c e r t a in t y , t he n q u e n c h d i f e r e n c e s c o u ld a f e c t t he
a c c u r a c y o f t h e a n a l y s is .
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F ig u r e B - 1 : P a r t i a l Sp e c t r u m (0 to 7 00 k e V ) o f 7 14 p C i R a diu m St a n d a r d
- J
1 5 1 10 1 15 1 2 0 1 2 5 1 3 0 1 3 5 1 4 0 1 4 5 1 5 0 1 5 5 1
L i q u i d S c i n t i l l a t i o n C o u n t e r C h a n n e l N u m b e r ( 1 k e V p e r c h a n n e l )
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A PP E N D I X C
E f e c t s o f Sa m p l e V o l u m e V a ri a t i o n o n C a l c u l a t e d
^ ^ ^
R n A c t iv it y
T hi s a p p e n dix r e p o r t s t h e r e s u lt s o f t w o e x p e ri m e n t s d e s ig n e d t o e v a l u a t e h o w s a m p l e
v o l u m e c h a n g e s i n fl u e n c e c a l c u l a t e d
^ ^ ^
R n c o n c en t r a t io n (p C i/ L ) T he t w o po t e n t i al v o lu m e -
r e la t e d e fl Fe c t s o f m o s t c o n c e r n w e r e : ( 1 ) c h a n g e s in l iq u id s c i n t il l a t i o n c o u n t e r (L SC ) c o u n t i n g
e fl Bc i e n c y w i t h v o lu m e ; an d (2 ) c h a n g e s in p a r t i t i o n i n g o f t h e
^ ^ ^
R n g a s a m o n g t he a i r ,
s c i n t i ll a t o r
,
a n d a q u e o u s p h a s e s i n t he s a m p l e v i a l T h e da t a fr o m t h e s e t w o e x p e ri m e n t s
d e m o n s t r a t e t h a t s a m pl e v o l u m e s b e t w e e n 7 m L a n d 12 m L ha v e n o st a t i s t ic a l ly s i g n i fi c a n t
e f e c t (p < 0 0 1) o n d e t e r m in i n g
^ ^ ^
R n c o n c e n t r a t i o n
,
a s l o n g a s 10 m L o f s c in t il l a t i o n fl u i d i s
u s e d i n e a c h 2 3 m L sa m p l e v i a l T h e r a w d a t a fo r E x pe r im e n t s 1 a n d 2 a r e r e p o r t e d in
A pp e n di x A a s Sa m pl e R u n 14 (V o l u m e T e st ) a n d Sam p l e R u n 1 5 (V o l u m e T e s t ) r e s p e c t iv e l y
R e a s o n f o r C o n c e r n s a b o u t Sa m p le V o l u m e V a ri a b il i t y
T h e m a i n r e s e a r c h p r e s e n t e d i n t h is t e c hn i c a l r e p o r t in v o l v e d m o r e t ha n 8 60 s am p le s
t a k e n a t f o u r t e e n di f e r e n t w e ll he a d s T he r e w a s v e r y li t t l e v a ri a n c e i n t he a m o u n t o f
s c i n t iQat o r fl u id d i s pe n s e d i n t o t he 2 3 m L bo r o s il i c at e s a m p le v ia l s p ri o r t o e a c h s a m p le r u n ,
b e c a u s e t h e b o t t l e - m o u n t e d p ip e t t e o n t he 4 L b o t t le o f s c i n t i l l a t o r fl u i d c o u l d b e a c c u r a t e ly s e t
fo r hi g hl y r e p r o du c i bl e v o l u m e d e l iv e ri e s T he m e a n c o m b in e d w e ig ht o f v i a l pl u s s c i n t il l a t o r
w a s 2 5 5 2 g ± 0 6% H o w e v e r , d e l iv e r y o f d e s ir e d w a t e r v o l u m e s fr o m t h e w e l l t o a v i a l u si n g
t h e s l o w - fl o w m e t h o d w a s n o t a s p r ec i s e T h e v i a l s w e r e fi ll e d w i t h w e l l w a t e r in t h e fi e l d by
p o s i t i o n i n g e a c h v i a l , w i t h o u t v o l u m e m a r k s , u n d e r t h e w e ll - h e a d s p i g o t u n t i l a n a p pr o x im a t e
v o lu m e w a s r e a c h e d
,
a s de t e r m i n e d by t h e e y e
T o a c c o u n t fo r v a ri a t i o n s i n s a m pl e m a s s , t h e
™R n c o n c e n t r a t i o n f o r a s a m p l e w a s
c a lc u l a t e d b y d iv i di n g t h e t o t a l a c t i v i t y (p C i ) i n t h e s a m p l e b y t h e a c t u a l , m e a su r e d w e i g h t o f
t h e w a t e r i n t h e s a m p l e (± 0 0 1 g ) T h e fo ll o w i n g t a bl e s u mm a r i z e s t h e v o l u m e d a t a o f t h e 8 6 2
s a m p l e s in t h e m a i n st u dy
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A p p e n d i x C
T a b l e C - 1 : Sa m p l e V o l u m e V a ri a t i o n s f o r 8 6 2 Sa m p le s
M e a n V o l u m e St a n da r d D e v ia t i o n M i n im u m V o l u m e M a x im u m V o lu m e
9 6 7 mL 0 9 4 mL 7 2 8 mL 13 75 mL
T h e fo l l o w in g c ha r t su m m a ri z e s t he d i s t ri bu t i o n o f t h e v o l u m e s o f t he 86 2 s a m p le s i n
t he i n d i c a t e d c l a s s bo u n da ri e s A p p r o x im a t e ly 8 7 p e r c e n t o f a ll s am p le s w e r e b e t w e e n 8 5 a n d
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Sa i q i l e V tA i m e (n i .)
F i g u r e C - 1 : P e r c e n t a g e o f Sa m p l e s w i t h Sa m p l e V o l u m e i n I n t e r v a l
I t w a s o f s o m e c o n c e r n t h a t v o lu m e c h a n g e s m ig ht b e c ha n gi n g l iq u id s c i n t i ll a t i o n
c o u n t e r e f fi c ie n c y , e i t h e r t h r o u g h v a ri a t i o n s in qu e n c hi n g in t h e s c i n t il l a t i o n c o c k t a i l , o r
p h o t o m u lt i pl i e r t u b e (PM T ) e fi c i e n c y I t w a s o f g r e a t i n t e r e st t o u n d e r s t a n d a n d q u a n t i fy h o w
s a m p le v o lu m e c ha n g e s m i g ht a l t e r t he c a l c u la t ed
^ ^ ^
R n c o n c e n t r a t i o n f o r a pa r t i c u l a r w e l l
14 0
A p p e n d i x C
Se v e r a l r e f e r e n c e s (K e s s le r , 1 9 8 9 ; K n o l l , 1 9 79 ) in di c a t e d t ha t t he L SC o u t pu t c o u l d b e
s ig n i fi c a n t l y a f f e c t e d by s a m p l e v o l u m e c ha n g e s V o l u m e c h a n g e s a r e r e p o r t e d t o c h a n g e
s a m p l e q u e n c h in g Qu e n c hi n g r e f e r s t o a n y o f s e v e r a l t y p e s o f i n t e r a c t i o n s i n t he c o c k t a il t h a t
r e s u lt i n a s hi ft in t he e n e r gy s p e c t r u m t o w a r d s l o w e r e n e r g i e s I f a n a r r o w c o u n t i n g w i n d o w i s
b e i n g u s e d , it i s p o s si b l e t h a t t he t o t a l c o u n t s i n t h e w in d o w w i l l b e l e s s du e t o qu e n c hi n g , a s
s p e c t r a l p e a k s a r e sh ift e d o u t o f t h e c o u n t in g w i n d o w T h i s i s n o t a g r e a t c o n c e r n f o r t h i s
s t u d y , s i n c e a w i d e c o u n t in g w i n d o w o f 5 t o 1 8 5 0 k e V w a s u s e d H o w e v e r , i n t h e p r o p o s e d
E P A s am pl i n g p r o c e d u r e (U S E P A , 1 99 3 ) , a n a r r o w c o u n t in g w in d o w i s s p e c ifi e d , w it h n o
p r o v i s i o n fo r q u e n c h c o r r e c t i o n
D e c r e a s e s in p h o t o m u l t ip li e r t u b e e fi c i e n c y c a n r e s u lt i n t h e s a m e s p e c t r a l s hi ft a s
qu e n c hi n g p h e n o m e n a (K e s s l e r , 1 9 89 ) T he imm i s c i b le s c i n t i ll a t i o n l a y e r fl o a t s o n t h e w a t e r
la y e r W it h a pp r o x im at e l y 10 m L o f w a t e r s am pl e , t h e b o t t o m o f t he s c in t i ll a t i o n l a y e r (i e ,
li g ht - p r o d u c in g la y e r ) i s a p p r o x im a t e l y c e n t e r e d in b e t w e e n t h e t w o PM T L a r g e r o r s m a l l e r
w a t e r v o l u m e s (i e , l a r g e r o r s m a l l e r w a t e r s am p l e s ) pl a c e t he li g ht - p r o d u c in g la y e r f a r t he r
fi - o m t he c e n t e r o f t h e P M T Sin c e PM T qu a n t u m e fi c i e n c y i s r e p o r t e d t o d e c r e a s e a w a y fr o m
th e c e n t e r (K e s s l e r , 1 9 8 9 ) , it i s p o s s ib l e t ha t a bn o r m a l ly la r g e r o r s m a l l e r s a mp l e v o l u m e s c o u l d
b e c o u n t e d w it h a l o w e r e fi c i e n c y
O n e a dd it i o n a l c o n c e r n a b o u t s a m p l e v o lu m e c ha n g e s in v o lv e d u n c e r t a in t y r e g a r d in g
c ha n g e s in p ar t it io n i n g o f
^ ^
R n g a s a m o n g t he a i r s p a c e a t t h e t o p o f t h e s a mp l e v i a l , t he
s c i n t i l l a t o r v o lu m e , a n d t h e w a t e r l a y e r O n e r e f e r e n c e (P r i c h a r d a n d G e s e ll , 1 9 7 7 ) e s t im a t e d
t h a t e l e v e n p e r c e n t o f t he
^ ^
R n g a s c o u ld o c c u p y t he a i r s p a c e fo r a t o lu e n e c o c k t a i l I t w a s




R n m ig h t p a r t it i o n in t o t he a i r s p a c e f o r t h e N E N
m i n e r a l o il c o c k t a il u s e d i n t h i s s t u d y C o n c e i v a b ly , f o r la r g e r s a m pl e v o l u m e s , t he r e w il l b e l e s s
a ir s p a c e ; s o t he r e m i g ht b e a hi g he r fr a c t io n o f
^ ^ ^
R n in t h e s c in t i l la t o r la y e r , pr o d u c i n g a
di s p r o p o r t i o n a t e l y hi g h e r n u mb e r o f c o u n t s
I n s u m m a r y ,
^ ^
R n c o n c e n t r a t i o n c ha n g e s r e p o r t e d f o r a w e ll c o u ld be a n a r t if a c t o f
c o u n t in g e fi c ie n c y c h a n g e s a n d R n p a r t it i o n i n g c ha n g e s , r a t h e r t h a n c ha n g e s i n R n
a c t i v i t y in t h e w e l l w a t e r
14 1
A p p e n d i x C
E x p e ri m e n t a l M e t h o d
T hi s e x p e ri m e n t w a s n o t c o n c e r n e d w i t h a c c u r a t e ly q u a n t i fy in g t he
^ ^
R n c o n c e n t r a t i o n
i n a p a r t i c u la r w e l l I t s s o l e pu r p o s e w a s t o in v e s t i g a t e if t h e r e w a s a s t a t i s t ic a l ly s ig n i fi c a n t
v a ri a t i o n a m o n g s a m p l e s t a k e n u s in g di f f e r e n t s am p l e v o l u m e s I n t h e fi r st e x p e r im e n t , s a m p l e
v o lu m e s o f 8 m L
,
1 0 m L
, a n d 12 m L w e r e c o l l e c t e d I n t h e s e c o n d e x p e ri m e n t , s a m p l e
v o lu m e s o f 6 mL , 7 m L , 8 m L , 9 mL , a n d 10 mL w e r e u s e d T hi s pr o v i de d a r a n g e o f s am p l e s
t h a t e n c o m pa s s e s 9 6 p e r c e n t o f t h e 8 62 s am p le s t a k e n i n t hi s s t u dy .
T o p r o v i d e t h e r e qu ir e d u n i f o r m s o u r c e o f
^ ^ ^
R n i n w a t e r , a o n e g a l l o n p l a s t i c m i l k j u g
w a s u s e d A n a d v a n t a g e o f t he m i l k j u g w a s t h e s m a l l o p e n i n g a t t h e t o p I t w a s hy p o t h e s iz e d
t ha t a s m a l l e r o p e n i n g w o u l d r e s u lt in a lo w e r
^ ^ ^
R n g a s l o s s r at e du ri n g s a m pl i n g p e ri o d
(a p p r o x im a t e ly 2 0 m i n u t e s ) , du e t o t he l o w e r s u r f a c e a r e a e x po s e d t o a i r I t w a s r e c o g n i z e d
t h a t t he r e c o u l d b e s o m e a b s o r p t i o n o f
^ ^
R n in t o t h e p l a s t i c m a t e ri a l o f t he j u g du ri n g
s a m p l in g ; b u t t hi s s ho u ld b e in s ig n ifi c a n t T h e a i r t e mp e r a t u r e w a s lo w e r t ha n t h e w e l l w a t e r
t e mp e r a t u r e du ri n g b o t h e x p e r im e n t s , s o t he r e s ho u l d b e n o a d di t i o n a l l o s s o f
^ ^
R n g a s d u e t o
w a t e r t e m p e r a t u r e ri s e d u r i n g t h e s a m p li n g p r o c e du r e
T h e hi g he s t a c t i v i t y w e ll (W e ll 1 ) w a s u s e d fo r t hi s s t u dy t o im p r o v e t h e c o u n t in g
s t a t i s t ic s P ri o r t o s a m p li n g , t h e ju g w a s r i n s e d fi v e t im e s w i t h w a t e r fl o w i n g fi
-
o m W e ll 1 A ft e r
r in s i n g , t h e j u g w a s fi l l e d c o mp le t e ly , a n d a l l o w e d t o o v e r fl o w I t w a s fi l l e d s lo w ly t o r e du c e
t h e
^ ^^
R n g a s lo s s du e t o a g i t a t io n a n d a e r a t i o n Wh e n t h e j u g w a s c o m p le t e ly fi l l e d , i t w a s
i n v e r t e d fi v e t im e s t o m i x t h e c o n t e n t s
Sam p l e v i a l s w e r e t h e n fi l le d fi
-
o m t he j u g u s in g a p l a s t i c s y ri n g e F o r t h e fi r s t t h r e e
s a m p l e s (o n e e a c h a t 8 m L , 10 mL a n d 12 mL ) , a n e e dl e w a s a t t a c h e d t o t h e sy ri n g e .
H o w e v e r
,
u s e o f t he n e e d le , e v e n w i t h s l o w a s p i r a t i o n , p r o du c e d c a v i t a t io n w hi c h w a s v i s ib l e
i n t he s y ri n g e T h i s lo s s o f
^ ^ R n du e t o de p r e s s u ri z a t i o n i n t he s y r i n g e w a s t h o u g h t t o b e
u n a c c e p t a b l e fo r t h i s e x p e ri m e n t ; s o a l l s u b s e q u e n t v ia l s w e r e fi l l e d u s i n g t h e s y ri n g e w it ho u t
t h e n e e dl e T h e s u b s e q u e n t a n a ly s e s o f t h e s e s a m p l e s c le a r l y s h o w t h a t
^ ^
R n g a s w a s lo s t w h e n




A p p e n d i x C
Sa m p le v i a ls w e r e a l t e r n a t e d d u r in g fi l li n g s u c h t h a t o n e s a m p le a t e a c h v o lu m e w a s
c o l le c t e d p r i o r t o c o l l e c t i n g t h e n e x t s a m p l e F o r e x a m p l e , t h e fi r s t 8 m L s a m p l e w a s c o ll e c t e d,
t h e n t he fi r s t 1 0 mL s am p l e , t he n t h e fi r s t 1 2 m L s a m p le , t h e n t h e s e c o n d 8 m L s a m p l e , t he
s e c o n d 10 mL s a m p l e , a n d s o o n T h e s a m pl e s w e r e s u b s e q u e n t l y c o u n t e d i n t he s a m e o r d e r i n
w hi c h t h e y w e r e c o l le c t e d T h i s r e du c e d c o n f o u n d i n g du e t o t im e d e l a y s i n fi l li n g t he v i a l s
F i ll in g o f s a m p l e v i a l s w a s p e r f o r m e d b y i n s e r t in g t h e sy r in g e (w it h o u t n e e d l e ) i n t o t h e
n a r r o w o p e n in g at t he t o p o f t h e m i l k j u g a n d r e t r a c t i n g t h e p lu n g e r u n t i l t he d e s ir e d v o l u m e
w a s o b t a i n e d I f n e c e s s a r y , t he p lu n ge r w a s i n se r t e d t o e x p e l s a m pl e a s r e q u ir e d t o o bt a i n t h e
d e s i r e d v o lu m e T he c o n t e n t s o f t he sy r in g e w e r e t h e n s l o w l y i n j e c t e d d o w n t h e s i de o f t h e
c o l le c t i o n v i a l i n a m a n n e r s im i l a r t o t h e s l o w - fl o w m et h o d u s e d in t h i s s t u d y
V i a l s w e r e t h e n t i g ht ly c a pp e d a n d a n a l y z e d in t he n o r m a l fa sh i o n (in t h e 5 t o 1 8 50
k e V c o u n t in g w in d o w ) e x c e pt t ha t e a c h v ia l w a s c o u n t e d t hr e e t im e s t o t h e 2 a t e r m i n a t o r ,
w i t h t h e a v e r a g e o f t h e t hr e e c o u n t s u s e d in s u b s e q u e n t a n a l y s e s I n c r e a s i n g t h e c o u n t i n g t im e
b y a f a c t o r o f t h r e e r e du c e d t h e c o u n t i n g u n c e r t a i n t y , t h e r e by im p r o v i n g t h e a b il i t y t o e v a lu a t e
v a ri a t i o n s du e t o s a m p l e v o lu m e di f fe r e n c e s
R e s u l t s
T a b l e C - 2 : V o l u m e E x p e ri m e n t 1 D a t a Su m m a r y (1 1 /2 0 /9 5 )
8 m L S a m p l e 1 0 m L S a m p l e 1 2 m L Sa m p l e
S a m p l e
A v e r a g e
SD




2 9 , 0 2 5


















, 1 0 4
" ^
4 0 4
R a d o n (p C i / l )



















2 8 , 9 17
2 8 , 7 8 9
2 9 , 2 4 4
3 4 0




2 9 , 4 4 3
2 9 , 3 8 2
















A p p e n d i x C
T a b l e C - 3 : V o l u m e E x p e r im e n t 2 D a t a Su m m a r y
6 m L
S a m p l e
7 m L
Sa m p l e
8 m L
S a m p l e
9 m L
Sa m p l e
1 0 m L
Sa m p l e
Sa m p l e R a d o n R a d o n
( p C i /1)
R a d o n
(p C i / 1)
R a d o n
( p C i / 1)
R a d o n
(p C i / 1)
3 4
,
0 6 0 3 4
,
6 2 1 34
.
4 9 3 3 4
.
8 6 3 34
,
5 0 9
3 5 , 15 3 3 4
,
2 5 0 3 4
.
3 6 4 3 5
,





90 1 34 , 4 2 9 3 4 , 12 4 3 4
,





4 0 2 3 3
,
9 7 1 3 4
,
8 0 5 3 3
,







0 4 1 3 4
,
2 5 3 3 4
,





9 7 6 3 3
,
7 2 0 3 3
,
6 0 7 3 4
,





6 2 5 3 3
,
8 14 3 3
,
3 8 4 3 4
,
14 0 3 3
,
9 0 4
3 3 . 6 15 3 3 , 2 18 3 3 , 5 0 6 3 4 . 1 0 6 32 , 8 7 6
3 3
,
6 5 2 3 4
,
0 15 3 3
.
4 4 9 3 2
.
8 6 8 3 3
,
8 6 1
10 3 3 . 18 4 3 3 . 0 5 1 3 2 , 7 6 0 3 2
,
5 54 3 3
,
7 6 0
A v e r a g e 3 3 , 9 7 2 3 3 , 9 13 3 3 , 8 7 4 3 4 , 0 15 3 4 , 0 0 1
SD 7 0 3 4 9 3 6 2 9 7 8 7 5 0 8
A n a ly s i s
O n e - w a y a n a ly s i s o f v a r i a n c e w a s p e r f o r m e d o n bo t h t he E x p e r im e n t 1 a n d E x p e r im e n t
2 d a t a T h e r e i s n o s ig n i fi c a n t d if f e r e n c e a m o n g t he t hr e e s e t s o f d a t a t a k e n in E x p e r im e n t 1 (p
= 0 0 0 2 17 ) o r t he fi v e s e t s o f da t a t a k e n i n E x p e r im e n t 2 (p = 0 0 0 00 0 0 7 )
T he
^ ^
R n c o n c e n t r a t i o n t r e n d s d o w n w a r d du r in g t h e s a mp l in g p e r i o d, a s w o u l d b e
e x p e c t e d du e t o g a s l o s s f r o m th e m i lk j u g d u r i n g t he 2 0 m i n u t e s s am pl in g pr o c e s s ; ho w e v e r ,
t h i s t r e n d i s n o t s t a t i st i c a ll y s i g n i fi c a n t
Q u e n c h i n g
A s i n di c a t e d i n t h e fi g u r e o n t he n e x t p a g e , qu e n c hi n g (bo t h SI S a n d t SIE ) i n c r e a s e d a s
s a m p le v o lu m e s in c r e a s e d H o w e v e r , du e t o t h e l a r g e c o u n t i n g w in d o w u s e d in t h i s s t u d y , t hi s
w a s n o t s ig n ifi c a n t H o w e v e r , it c o u ld b e s ig n i fi c a n t if t h e n a r r o w e r w i n d o w o f t h e p r o p o s e d
E P A p r o c e d u r e i s u se d .
14 4
A p p e n d i x C
1 2 0 0
1 0 0 0
8 0 0
j ; 6 0 0
»
4 4 * i i * 4 ^ A
. 4 * 4 4
* 4
■ ■ ^ ■ ■ r A A 4 4 4 4 4 ^ 4 ^
* • • • •
* • • • • .
4 0 0
2 0 0
• • • • • • • • a
I S IS (1 s t e x pe r i m e n t )
> t S l E ( 1s t e x p e ri m e n t )
L S I S (2 n d E iq j e ri m e n t )
I t S IE (2 n d e x p e ri m e n t )
.
■ ^ ■ ■ ^ "
• • • • • • •
• • {
M I I I I I M M M i ! ! I I i M M i i ! ! M i i i M I M i 1 I I M M M I I I I I I M M I M i ! I I I I M
9 1 0
Sa m p l e V o l u n K ( n i L )
1 1
F i g u r e C - 2 : Q u e n c h i n g (SI S & t SI E ) C h a n g e s w i t h Sa m p l e V o l u m e
C o n c l u s i o n s
B a s e d o n t he s e tw o e x p e r im e n t s , s a mp l e v o l u m e c h a n g e s b e tw e e n 6 mL a n d 12 m L i n
2 3 m L s am p l e v i a l s d o n o t s i gn ifi c a n t ly c o n t ri b u t e t o t he v a ri a b il it y i n c a l c u l a t e d
^ ^ ^
R n
c o n c e n t r a t i o n
,
a s l o n g a s a c o n s t a n t 1 0 m L o f N E N m i n e r a l o i l s c in t i l la t o r fl u i d i s u s e d
T he r e f o r e , t h e r e s u lt s r e p o r t e d i n t hi s s t u dy a r e n o t i n fl u e n c e d b y th e c ha n g e s i n s a m p le
v o lu m e s w it hi n a n d a m o n g s a m p l e r u n s fo r a g i v e n w e l l
1 4 5
A P P E N D I X D
M I SC E L L A N E O U S E X P E R I M E N T S
A p p e n d i x D - 1
^ ^ ^
R n V a r i a t i o n s D u ri n g a S in g l e P u m p C y c l e
B a c k g r o u n d
T h i s a p p e n d i x r e p o r t s t h e r e s u h s o f a n e x p e r im e n t d e s i g n e d t o e v a lu a t e h o w R n
c o n c e n t r a t i o n v a r i e s d u r in g o n e c o mp l e t e c y c l e o f a u t o m a t i c w e l l o p e r a t i o n W e l l 3 w a s
c h o s e n fo r t h i s e x p e r im e n t b e c a u s e i t h a d t h e h i g h e s t
^ ^ ^
R n c o n c e n t r a t i o n o f a l l w e l l s
w hi c h c o u l d b e e a s i l y c o n t r o l l e d fo r t he e x p e r im e n t
I t i s e x p e c t e d t h a t
^ ^ ^
R n c o n c e n t r a t i o n v a r i a t i o n s a r e m o s t d e p e n d e n t u p o n
v a r i a t i o n s i n t h e g e o l o g y (u r a n i u m c o n t e n t a n d p hy s ic a l c o n d i t i o n o f r o c k m a t r i x ) i n t he
a r e a fr o m w h i c h t he w e l l i s d r a w i n g w a t e r (H e s s , e t a l , 1 9 8 5 ) C o n c e n t r a t i o n s h o u l d a l s o
v a r y w i t h p he n o m e n a t h a t a f fe c t w a t e r a n d r a d o n t r a n s p o r t ( t e m p e r a t u r e , p r e s s u r e ,
r a i n f a ll
,
e t c ) T h e s e fa c t o r s w i l l o bv i o u s l y i n fl u e n c e t h e
^ ^ ^
R n v a r i a t i o n s a m o n g t h e
fo u r t e e n w e l l s o f t hi s s t u d y ; bu t p e r h a p s t h e r e i s a l s o a s i g n i fi c a n t s p a t i a l v a r ia t i o n w i t h i n
t h e a q u i f e r s u p p l y in g a s p e c i fi c w e l l
I f t h e r e i s s ig n i f i c a n t v a r i a t io n o f
^ ^ ^
R n w it h in a n d a m o n g p u m p in g c y c l e s o n a
g i v e n d a y , t h e n a s i n g l e g r a b s a m p l e m a y n o t a d e q u a t e l y c h a r a c t e r iz e t h e a v e r a g e
^ ^ ^
R n
c o n c e n t r a t i o n A l s o , s t u d i e s i n v e s t i g a t i n g g r o u n dw a t e r
^ ^^
R n v a r i a t i o n s m i g ht b e
i n c o r r e c t l y a t t r i b u t i n g p u m p i n g c y c l e v a r i a t i o n s t o t im e o f y e a r i n fl u e n c e s
I n s o m e w a t e r s y s t e m s , t h e p u m p o n l y r u n s f o r a f e w m i n u t e s ; t h e r e f o r e , l i t t l e
c y c l e v a r i a t i o n m ig ht b e e x p e c t e d H o w e v e r , t h e p u m p s o f t h e l a r g e w a t e r s y s t e m s r u n f o r
m u c h l o n g e r p e r i o d s o f t im e V a r i a t i o n s i n R n c o n c e n t r a t i o n m a y o c c u r d u r i n g t he t im e
t h e p u m p i s r u n n i n g , a s w a t e r i s d r a w n fr o m a r e a s o f h ig he r (o r l o w e r )
^^ ^
R n p r o d u c t i o n
a n d / o r
^ ^ ^ R n d if u s i o n
14 7
A p p e n d ix D - 1
T h e p o t e n t i a l f o r t h i s p h e n o m e n o n i s s u g g e s t e d b y t h e W e l l 1 d a t a f r o m t h e t h r e e
s t u d i e s P o t e n t i a ll y , t h e H ig h t o w e r d a t a (H i g h t o w e r , 1 9 9 2 ) a r e m o r e v a r i a b l e t h a n t h e
o t h e r t w o s t u d i e s b e c a u s e h e t o o k h i s 5 s a m p l e s o v e r a 15 t o 2 0 m in u t e p e r i o d i n s t e a d o f
t h e 1 t o 3 m i n u t e p e r i o d o f t h e t w o f o l l o w - u p s t u d ie s W i t h t h e h i g h - c a p a c it y p u m p o f t h i s
w a t e r s y s t e m , H i g h t o w e r
'
s 5 s a m p l e s c o u l d p o t e n t i a l l y h a v e c o m e f r o m m o r e s p a t i a l ly
s e p a r a t e d a r e a s o f t h e a q u i f e r
W e l l 5 d a t a fr o m t h i s s t u dy a l s o c ha n g e d u r i n g th e p u m p i n g c y c l e E v e n t ho u g h a l l
5 s a m p l e s w e r e t a k e n w i t h i n 2 m i n u t e s o f e a c h o t he r , 1 0 o f t he 1 5 s a m p l in g r u n s fo r t h i s
w e l l s ho w a s i g n i f i c a n t d e c r e a s e i n
^ ^ ^
R n c o n c e n t r a t i o n f r o m th e fi r s t o f t he 5 s a m p l e s t o
t h e l a s t C u r i o u s l y , t h i s t r e n d w a s o n l y o b s e r v e d o n c e du r i n g t h e Y o r k s t u d y (Y o r k ,
1 9 9 5 )
E x p e r i m e n t a l D e s i g n
T h i s e x p e r im e n t w a s a s im p l e e x t e n s i o n o f t h e e x i s t i n g s t u d y w i t h a l l s a m p l in g a n d
a n a ly s i s p e r f o r m e d a s d e s c r i b e d i n t h e M e t ho d s s e c t i o n o f t hi s r e p o r t W e ll 3 ha d b e e n
o b s e r v e d i n o p e r a t i o n 5 t im e s p r e v i o u s ly , a n d i t w a s e s t im a t e d t ha t t h e p u m p w o u l d r u n
f o r a p p r o x im a t e l y 1 5 m i n u t e s fr o m t he be g i rm i n g t o t he e n d o f t h e p u m p i n g c y c l e
T h e e x p e r im e n t w a s p e r f o r m e d t w i c e B o t h t im e s , t h e w e l l w a s a l l o w e d t o s t a r t
a u t o m a t i c a l ly a t t he lo w p r e s su r e s e t p o i n t w i t ho u t i n t e r v e n t i o n F o r t h e fi r s t e x p e r im e n t ,
c o n d u c t e d o n 0 7 / 3 1/ 9 5
,
t w o s e t s o f 5 s a m p l e s w e r e t a k e n : o n e s e t w a s t a k e n 5 m i n u t e s
a ft e r t he p u m p s t a r t e d a n d t h e s e c o n d s e t o f 5 s a m p l e s w a s t a k e n 1 0 m i n u t e s a ft e r t he
p u m p s t a r t e d I t t o o k a p p r o x im a t e l y 9 0 s e c o n d s t o t a k e a l l 5 s a m p l e s i n a s a m p l e s e t
I n t h e s e c o n d e x p e r im e n t , c o n d u c t e d o n 0 8/ 10 / 9 5 , t h r e e s e t s o f 5 s a m p l e s w e r e
t a k e n a t 5 m i n u t e i n c r e m e n t s
,
s t a r t in g 5 m i n u t e s a ft e r t h e p u m p s t a r t e d ( i e , s a m p l e s w e r e
t a k e n a t 5 , 1 0 , a n d 15 m i n u t e s ) T h e p u m p s t o p p e d im m e d ia t e l y a ft e r t h e l a s t s a m p l e w a s
t a k e n , s o t h a t t h e e n t i r e pu mp i n g c y c l e w a s r e p r e s e n t e d
14 8
A p p e n d i x D - 1
R e s u l t s
T h e r e s u l t s o f t h e s e t w o e x p e r im e n t s a r e r e p o r t e d i n T a b l e s D - 1 - 1 a n d D - 1 - 2 , w it h
t h e r a w d a t a r e p o r t e d i n A p p e n d ix A a s Sa m p l e R u n 6 (t e s t ) a n d Sa mp l e R u n 7 (t e s t )
B o t h s t u d i e s s h o w a hi g hl y s i g n i fi c a n t in c r e a s e i n
^ ^ ^
R n c o n c e n t r a t i o n o v e r j u s t a 5 m i n u t e
p u m p in g p e r i o d I n t h e fi r s t e x p e r im e n t ,
^ ^ ^
R n c o n c e n t r a t i o n i n c r e a s e d fi - o m a m e a n o f
1 2
,
4 12 p C i/ L a ft e r 5 m i n u t e s o f p u m p i n g t o a m e a n o f 1 3 , 16 7 p C i/ L a ft e r 10 m i n u t e s o f
p u m p in g I n t h e s e c o n d e x p e r im e n t , t h e m e a n
^ ^ ^
R n c o n c e n t r a t i o n i n c r e a s e d f r o m 12 , 2 0 1
t o 1 3
,
2 9 2 t o 1 3
,
8 2 3 p C i /L a ft e r 5 , 1 0 , a n d 1 5 m i n u t e s o f p u m p i n g , r e s p e c t i v e l y
T a b l e D - 1 - 1 ; P u m p C y c l e E x p e r i m e n t 1 (0 7 / 3 1 /9 5 )
S a m p l e
1
S a m p le
2
S a m p le
3
S a m p l e
4
S a m p l e
5
A v g . S t d .
D e v .
% SD S t a n d a r d
E r r o r








2 9 0 12
,
6 2 7 12 , 4 1 2 2 12 1 7 % 9 5
l O m in 13 . 3 5 5 13
.
2 3 4 13
.




0 1 4 13
,
1 6 7 13 5 1 0 % 6 0
T a b l e D - 1 - 2 : P u m p C y c l e E x p e r i m e n t 2 (0 8 / 1 0 /9 5 )
S am p l e
1
S a m p l e
2
S a m p l e
3
S a m p l e
4
S a m p l e
5
A v g . S t d .
D e v .
% SD S t a n d a r d
E r r o r
5 m i n 12
,
2 3 6 12
.




2 1 4 1 2
,
2 0 1 ! 1 0 7 % 3 6
10 m in 13 , 5 8 6 13 , 2 0 3 13 , 3 2 0 13 , 2 0 8 13 . 14 4 13 , 2 92 176 1 3 % 7 9
15 m in 14
,
1 1 6 13
,
7 9 0 13
,
6 6 7 13
.
9 5 1 13
,
5 8 9 13
,
8 23 2 14 1 5 % 9 6
22 2 rT h i s e x p e r im e n t s h o w s t h a t R n c a n v a r y s i g n i fi c a n t ly o v e r t h e p u m p i n g c y c l e I n
t h e fi r s t e x p e r im e n t ,
^ ^ ^
R n c o n c e n t r a t i o n i n c r e a s e d b y 6 p e r c e n t o v e r t h e p u m p i n g c y c l e
o b s e r v e d I n t h e s e c o n d e x p e r im e n t , it i n c r e a s e d b y 13 3 p e r c e n t A n a n a l y s i s o f v a r i a n c e
i n d i c a t e d t h a t b o t h i n c r e a s e s w e r e h i g h ly s ig n i fi c a n t (p < 0 . 0 0 0 2 ) B a s e d o n Y o r k
'
s
p u r g i n g t im e c a l c u l a t i o n s fo r t h i s w e l l (Y o r k , 19 9 5 ) , it i s u n l i k e ly t h a t t h e s e c h a n g e s i n
^ ^ ^
R n c o n c e n t r a t i o n a r e a r e s u l t o f i n a d e q u a t e p u r g i n g I n s t e a d , i t w o u l d a p p e a r t h a t w a t e r
i s fl o w i n g f r o m r e g i o n s o f h i g h e r
' ^ ^ ^
R n c o n c e n t r a t i o n du r in g t h e p u m p i n g c y c l e T hi s f a c t
14 9
A p p e n d i x D - 1
c o u l d b e s i g n i f i c a n t f o r c o m p li a n c e s a m p l i n g o f w e ll s w it h
^ ^ ^
R n le v e l s a t o r n e a r t h e
r e g u l a t o r y l im it
I t i s s u s p e c t e d t h a t
^ ^ ^
R n v a r i a t i o n m a y b e hi g h l y d e p e n d e n t u p o n w a t e r u t i l i z a t i o n
h i s t o r y (i . e , g a l l o n s p u m p e d p e r h o u r , d a y , p e r w e e k , e t c ) I t m a y b e o f s o m e b e n e fi t t o
s a m p l e o n e o r m o r e w e l l s m o r e f r e q u e n t l y , w h i l e r e l a t i n g
^ ^^
R n c o n c e n t r a t i o n t o t o t a l
g a l l o n s p u m p e d (a s i n d i c a t e d b y t h e p u m p
'
s i n t e g r a t i n g fl o w m e t e r )
1 50
A p p e n d i x D - 2
R e c o u n t o f S a m p l e s A f t e r S t o r a g e
B a c k g r o u n d
T h i s a p p e n d i x r e p o r t s t h e r e s u l t s o f t w o e x p e r im e n t s d e s i g n e d t o e v a l u a t e ho w a
s c i n t i ll a t i o n c o c k t a i l c o n t a i n i n g
^ ^ ^
R n m i g ht c h a n g e b e t w e e n t he t im e t h e c o c k t a i l i s s h a k e n
a n d t h e t i m e i t i s c o u n t e d i n a l iq u i d s c i n t il l a t i o n c o u n t e r (L S C)
A t t h e b e g i n n i n g o f t hi s s t u dy , a c o n c e r n a r o s e c o n c e r n i n g d i f f e r e n c e s a m o n g t h e
t im e d e l ay s b e t w e e n s a m p l e s h a k i n g a n d s a m p l e c o u n t i n g Wh e n a w a t e r s a m p l e w a s
b r o u g ht i n fr o m th e fi e l d , t h e c o c k t a i l (c o n t a in i n g a p pr o x im at e l y e q u a l p o r t i o n s o f w e l l
w a t e r a n d s c i n t il l a t o r ) w a s sh a k e n fo r a p p r o x im a t e l y 15 s e c o n d s t o e x t r a c t t h e
^ ^ ^
R n g a s
i n t o t h e s c in t i l l a t o r p h a s e T h e s a m p l e v i a l w a s t h e n p u t i n t o a a n L SC s a m p l e c a s s e t t e ,
w h i c h w a s t h e n p l a c e d i n t o t h e L SC f o r a u t o m a t i c l o a di n g a n d c o u n t i n g
A lt h o u g h a l l v i a l s w e r e s h a k e n a t a p p r o x i m a t e l y t h e s a m e t im e (w it h i n 3 0 m i n u t e s ) ,
t h e r e w e r e l a r g e di f f e r e n c e s i n t h e t im e s t h a t e l a p s e d b e t w e e n s h a k i n g a n d c o u n t in g T h e
fi r s t w e l l w a t e r s a m p le m ig ht b e c o u n t e d s o o n a ft e r t h e f o u r b a c k g r o u n d v i a l s h a d c o u n t e d
(a p p r o x im a t e ly 4 h o u r s a ft e r s h a k i n g ) ; h o w e v e r , t h e l a s t w e l l w a t e r s a m p l e m i g h t n o t b e
c o u n t e d f o r a n o t h e r 2 0 t o 2 4 h o u r s
T h e r e w a s a c o n c e r n t h a t t h e R n ( a n d R n p r o g e n y ) p a r t it i o n i n g m i g h t b e
s i g n i f i c a n t l y d i f e r e n t b e t w e e n t h e fi r s t s a m p l e s c o u n t e d a n d t h e l a s t I f t r u e , it a l s o m e a n t
t h a t t h e c a l i b r a t i o n f a c t o r d e t e r m i n e d w i t h t h e
^ ^ * '
R a s t a n d a r d (s ) m i g h t b e a p p l i c a b l e f o r
t h e fi r s t s e t o f s a m p l e s (c o u n t e d c l o s e s t t o t h e
^ ^ '^
R a s t a n d a r d ) , bu t n o t t he l a s t T w o
e x p e r im e n t s w e r e c o n d u c t e d t o a d d r e s s t h e s e c o n c e r n s
15 1
A p p e n d ix D - 2
E x p e r i m e n t a l D e s i gn a n d R e s u l t s
I n t h e fi r s t e x p e r im e n t , t h e 7 14 p C i
^ ^ ^
R a s t a n d a r d w a s c o u n t e d 5 0 0 t im e s (in fi v e
1 0 0 - c o u n t s e s s i o n s ) o v e r a 6 0 h o u r p e r i o d , w i t h n o a d d i t i o n a l a g i t a t i o n a ft e r i n i t i a l ly
s h a k i n g (F i g u r e D - 2 - 1 ) T h i s e x p e r im e n t s h o w e d n o s i g n i fi c a n t c h a n g e i n t h e c a l i b r a t i o n
f a c t o r o v e r t h i s p e r i o d T h i s s u g g e s t s t w o p h e n o m e n a : ( 1 ) w i t h n o s h a k i n g ,
^ ^ ^
R n ( a n d
p r o g e n y ) a r e r e m a i n i n g i n t h e s c i n t i l l a t o r p h a s e , a n d (2 ) s in c e t h e c a l i b r a t i o n fa c t o r i s n o t
d e c r e a s i n g s i g n i fi c a n t l y o v e r t h e 6 0 h o u r p e r i o d ,
^ ^ ^
R n g a s p r o du c e d b y
^ ^ ' '
R a i n t h e w a t e r
p h a s e m u s t b e t r a n s p o r t i n g i n t o t he s c in t i l l a t o r p h a s e t o r e p l a c e
^ ^ ^
R n l o st b y r a di o a c t iv e
d e c a y I n F i g u r e D - 2 - 1, t h e p r e di c t e d
^ ^ ^
R n d e c a y c u r v e i s n o t c o n t i n u o u s b e c a u s e t h e
t i m e s c a l e i s n o t c o n t i n u o u s
,
d u e t o t i m e d e l a y s b e t w e e n s u c c e s s i v e 1 0 0 - c o u n t a n a ly s e s
F ig u r e D - 2 - 1 : T o t a l C o u n t s F o r 5 0 0 Su c c e s s i v e C o u n t s o f 7 14 p C i R a d iu m St a n d a r d
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5 0 0 0 0 0
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A p p e n d i x D - 2
I n t h e s e c o n d e x p e r im e n t , t w o s e t s o f 5 s a m p l e v i a l s (f r o m W e l l 1 a n d W e l l 2 )
w e r e c o u n t e d n o r m a l l y a n d t h e n s t o r e d i n a n L SC s a m p l e c a s s e t t e i n a d r a w e r in t h e l a b
f o r 1 1 d a y s A t t h e e n d o f t h a t t im e , t h e c a s s e t t e w a s g e n t l y r e m o v e d f r o m t h e d r a w e r a n d
p l a c e d i n t he L S C f o r c o u n t in g T hi s s e c o n d c o u n t , 1 1 d a y s l a t e r a n d w i t h n o s h a k in g ,
s h o w e d a d e c a y - c o r r e c t e d
^ ^ ^
R n c o n c e n t r a t i o n n e a r l y t h e s a m e a s t h e fi r s t c o u n t (T a b l e s
D - 2 - 1 a n d D - 2 - 2 ) A n a n a l y s i s o f v a r i a n c e w a s p e r f o r m e d w h i c h d e m o n st r a t e d n o
s i g n i f i c a n t d i f f e r e n c e b e t w e e n s u c c e s s i v e s a m p l e c o u n t s (p
= 0 17 f o r W e l l 1 , p = 0 3 2 f o r
W e l l 2 )
T a b l e D - 2 - R e c o u n t o f W e l l 1 S a m p l e s A f t e r 1 1 D a y s
S a m p l e
1
S a m p l e
2
S am p l e
3
S a m p le
4
S a m p l e
5
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D e v .
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,
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,
5 4 5 3 7
,
13 4 3 6 , 2 5 7 6 00 1 7 % 2 6 8
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C o u n t
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A p p e n d ix D - 2
C o n c l u s i o n s
T h e r e s u l t s o f b o t h e x p e ri m e n t s s u g g e s t t h e f o l l o w i n g ; ( 1 ) A f te r i n i t ia l s h a k i n g t h e
^ ^ ^
R n g a s s t a y s i n t h e s c i n t il l a t o r p h a s e ; (2 ) t h e p r o g e n y f o r m e d fr o m
^^ ^
R n i n t h e
s c in t i l la t o r p h a s e (a l l p a r t i c u l a t e s ) d o n o t t r a n s p o r t t o t h e w a t e r p h a s e w it h o u t s h a k i n g ; (3 )
a c a l ib r a t i o n f a c t o r d e t e r m in e d a t t h e s t a r t o f a c o u n t i n g c y c l e i s a d e q u a t e f o r a l l
s u b s e q u e n t ly c o u n t e d s a m p l e s
A s s h o w n i n F i g u r e D - 2 - 2 , t h i s e x p e ri m e n t a l s o d e m o n s t r a t e d t h e s t o c h a s t i c n a t u r e
o f r a d i o a c t iv e d e c a y , s h o w i n g a s m u c h a s a 5 p e r c e n t d e v i a t i o n b e t w e e n s u c c e s s i v e c o u n t s
o f t he s a m e s t a n d a r d
F ig u r e D - 2 - 2 : C a l ib r a t i o n F a c t o r s F o r 5 0 0 Su c c e s s i v e C o u n t s o f 7 14 p C i R a d iu m
St a n d a r d
1 0 6 0
1 0 4 0
10 2 0
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E l a p s e d T i n e (n i n u t e s )
16 0 1 3 5 3 0 3 5 7 0
15 4
A p p e n d i x D - 3
S t u d y M e t h o d v s . P r o p o s e d E P A M e t h o d
B a c k g r o u n d
I n t h i s e x p e ri m e n t , t h e p r o p o s e d E P A s a m p l in g m e t h o d (E P A , 1 9 9 3 ) w a s
c o m p a r e d t o t h e m e t ho d s u s e d i n t hi s s t u d y
I n t h e p r o p o s e d E P A p r o c e d u r e , 2 3 mL s a m p l e v i a l s (w i t h c o n e - s h a p e d l i n e r c a p s ,
n o t s e pt u m c a p s ) a r e c o m p l e t e ly fi l l e d a t t he w e l l s i t e a n d t h e n t i g h t ly c a p p e d T y p i c a l ly ,
o n ly o n e s a m p l e i s t a k e n a t e a c h w e l l , b u t a t l e a s t 1 0 p e r c e n t o f t h e s a m p l e s m u s t b e
du p li c a t e s ( i e , t w o s a m p l e s p e r w e l l f o r 1 o u t o f 1 0 w e l l s ) Sa m p l e s a r e c h i l l e d d u r i n g
t r a n s p o r t f ir o m th e fi e l d t o t he l a b t o i n c r e a s e
^ ^ ^
R n g a s s o lu b i l i t y
A t t h e l a b
,
t h e b o t t le s a r e u n c a p p e d a n d 8 5 m L o f w a t e r a r e e x t r a c t e d a n d
d i s c a r d e d N e x t
,
5 mL o f s c in t i l l a t i o n fl u i d a r e a d d e d t o t h e v i a l a n d t h e v ia l i s t i g ht l y r e ¬
c a p p e d T h e r e s u l t i n g s c i n t i l l a t i o n c o c k t a i l s a r e a n a l y z e d w it h a l i q u i d s c i n t i l l a t i o n c o u n t e r
w i t h a c o u n t i n g w i n d o w s e t 1 0 c ha n n e l s e i t h e r s id e o f t he a l p ha p e a k s T he p r o c e d u r e
d o e s n o t s p e c ify t h e u s e o f q u e n c h c o r r e c t i o n
T h e r e a r e a t l e a s t s e v e r a l p o t e n t i a l p r o b l e m s w i t h t h i s p r o c e d u r e : ( 1 )
^ ^ ^
R n c a n b e
lo s t w he n t h e v i a l i s u n c a p p e d i n t h e l a b , e s p e c i a l l y i f t h e w a t e r t e m p e r a t u r e h a s i n c r e a s e d ;
(2 ) t h e r e i s n o p r o v i s i o n f o r q u e n c h c o r r e c t i o n ; (3 ) t h e s m a l l c o u n t i n g w i n d o w d e c r e a s e s
t h e c o u n t i n g u n c e r t a i n t y , b u t i t a l s o l e a d s t o u n d e r e s t im a t i o n o f
^ ^ ^
R n c o n c e n t r a t i o n i f
t h e r e i s q u e n c hi n g i n t h e s a m p l e ; (4 ) t h e r e q u i r e m e n t t o c h i l l s a m p l e s e l im i n a t e s t h e
p o t e n t i a l t o h a v e w e l l o p e r a t o r s s a m p l e t h e i r o w n w e l l s a n d m a il i n t h e s a m p l e s t o a
c e n t r a l l a b o r a t o r y ; (5 ) t h e i n c r e a s e d l a b o r a s s o c i a t e d w i t h h a n d l i n g t h e s a m p l e i n t h e l ab
i n c r e a s e s a n a l y s i s c o s t s
15 5
A p p e n d i x D - j
E x p e r im e n t a l D e s i gn
I n t h i s e x p e r im e n t , 5 s a m p l e s w e r e t a k e n o n W e l l 1 (t he h i g h e s t a c t iv i t y w e l l ) u s i n g
t h e e s t a b li s h e d m e t h o d s f o r t hi s s t u dy (d e s c r i b e d i n t h e M e t h o d s s e c t i o n ) F i v e a d d i t i o n a l
s a m p l e s w e r e t a k e n u s i n g t h e p r o p o s e d m e t h o d , w i t h t w o e x c e p t i o n s ( 1 ) s a m p l e s w e r e
n o t c h i l l e d d u ri n g t r a n s p o r t fr o m t he w e l l t o t h e la b ; a n d (2 ) 8 m L o f l i q u i d w e r e e x t r a c t e d
f r o m e a c h v i a l
,
i n s t e a d o f 8 5 m L E x t r a c t i o n w a s w i t h a p l a s t i c s y ri n g e w i t h a # 1 6 n e e d l e
N o t c h i l l i n g t h e s a m p l e s c o u l d b e a s i g n i fi c a n t v a ri a t i o n ; h o w e v e r , s a m p l e w e r e
t r a n s p o r t e d i n t h e t r u n k o f a c a r a n d t h e o u t s i d e t e m p e r a t u r e w a s a p p r o x im a t e l y 2 0
°
F
lo w e r t h a n t h e w e l l w a t e r t e m p e r a t u r e I t i s u n l i k e l y t h a t t h e w e l l w a t e r t e m p e r a t u r e
i n c r e a s e d s ig n i fi c a n t l y b e t w e e n t h e t im e th e s a m p le s w e r e b r o u g ht t o t h e l a b a n d t h e t i m e
t h e v i a l c a p s w e r e r e m o v e d f o r t h e a d d i t i o n o f s c i n t i l l a t o r
D u r i n g s a m p li n g , s a m p l e s f o r t h e t w o m e t h o d s w e r e a l t e r n a t e l y t a k e n F o r
e x a m p l e , t h e fi r s t s a m p le fo r t h e n o r m a l m e t h o d w a s t a k e n , t h e n t h e fi r s t s a m p l e f o r t h e
p r o p o s e d m e t h o d , t h e n t h e s e c o n d s a m p l e f o r t h e n o r m a l m e t h o d , e t c T h e s a m p l e s w e r e
c o u n t e d i n t h e s a m e o r d e r i n w h i c h t h e y w e r e c o l l e c t e d T h i s p r o c e s s r e d u c e d c o n f o u n d e d
d u e t o t im e o f s a m p l i n g
A l l s a m p l e s w e r e c o u n t e d i n t h e n o r m a l 5 t o 1 8 5 0 k e V w i n d o w , i n s t e a d o f t h e
n a r r o w e r w in d o w s p e c i fi e d i n t h e p r o p o s e d E P A p r o c e du r e T hi s d i f f e r e n c e d o e s n o t
a f f e c t t he a b i l it y t o c o m p a r e t h e t w o s a m p l e m e t h o d s
R e s u h s
U s i n g t he n o r m a l m e t ho d , t he m e a n
^ ^ ^
R n c o n c e n t r a t i o n w a s d e t e r m i n e d t o b e
3 5
,
6 2 1 p C i / L w i t h a s t a n d a r d d e v i a t i o n o f 6 6 8 p C i/ L W it h t he p r o p o s e d m e t h o d , m e a n
^ ^ ^ R n c o n c e n t r a t io n w a s 3 1
,
0 9 7 w i t h a s t a n d a r d d e v ia t i o n o f 80 1 T hi s 12 7 p e r c e n t
d e c r e a s e i n a n a l y z e d
^ ^ ^
R n c o n c e n t r a t i o n i s h i g h l y s i g n i fi c a n t (p = 0 0 0 0 0 1 ) a n d s u g g e s t s
t ha t t h e p r o p o s e d m e t ho d i s s u bj e c t t o a n u n a c c e pt a b l e lo s s o f
^ ^ ^
R n g a s d u ri n g t he
l a b o r a t o r y p r o c e s s i n g p h a s e
15 6
A p p e n d ix D - 3
T h e u s e o f s e p t u m c a p s w o u l d m i n im i z e l o s s o f
^ ^ ^
R n g a s du r i n g t h e p r o c e s s o f
e x t r a c t i n g 8 5 m L o f s a m p l e a n d in j e c t i n g 5 m L o f s c i n t il l a t o r H o w e v e r , s e p t u m c a p s a r e
n o t s p e c i f i e d i n t h e p r o p o s e d p r o c e d u r e E v e n w it h s e p t u m c a p s , t h e p r o c e s s i s s t i ll l a b o r
i n t e n s i v e I t w o u l d s e e m t h a t t h e s l o w - fl o w m e t h o d e mp l o y e d i n t h i s st u d y i s n o t o n l y
e a s i e r t o p e r f o r m , i t i s a l s o m o r e a c c u r a t e A f o l l o w - u p s t u d y s h o u l d b e p e r f o r m e d t o t e s t
t h i s h y p o t h e s i s w i t h g r e a t e r s t a t i s t i c a l p o w e r
15 7
A p p e n d i x D - 4
I n c r e a s i n g S a m p le V o l u m e o r D e c r e a s i n g Sc i n t i l l a t o r V o l u m e
B a c k gr o u n d
T h i s a p p e n d i x r e p o r t s t h e r e s u l t s o f e x p e ri m e n t s i n v e s t ig a t i n g t h e e f fe c t s o f l a r g e r
s a m p le v o lu m e s a n d l o w e r s c i n t ill a t o r v o l u m e s o n li q u i d s c i n t il l a t i o n a n a ly s i s o f g r o u n d w a t e r
^ ^ ^
R n s a m pl e s I n c o u n t i n g s t a t i s t i c s , hi g h e r t o t a l c o u n t s r e s u l t s i n l o w e r c o u n t i n g u n c e r t a in t y
T he r e f o r e
,
a n y p r o c e s s c h a n g e t h a t r e s u lt s i n a hi g h e r t o t a l c o u n t c a n de c r e a s e t he c o n t r ib u t i o n
o f c o u n t i n g u n c e r t a i n t y t o t h e v a ri a n c e
H ig h e r s a m p l e v o lu m e s p r o v id e hi g he r t o t a l c o n c e n t r a t i o n (p C i ) in t h e s a m pl e v i a l a n d ,
t he r e f o r e
,
hi g h e r t o t a l c o u n t s F o r e x a m p l e , a 10 0 0 pC L/L s o u r c e w i ll p r o v i de a t o t a l
c o n c e n t r a t i o n o f 10 p C i (22 d p m
^ ^ ^
R n , 1 10 d pm t o t a l ) if 1 0 m L a r e c o l l e c t e d , a n d 15 p C i (3 3
dp m
^ ^
R n , 1 6 5 dp m t o t a l ) i f 1 5 mL a r e c o ll e c t e d H o w e v e r , a si g n i fi c a n t ly la r g e in c r e a s e i n
w a t e r v o l u m e w il l r e q u i r e a c o r r e s p o n di n g r e du c t io n in t h e s c i n t ill a t o r v o l u m e
Sin c e t he s c i n t il l a t o r fl o a t s o n t h e w a t e r l a y e r , u s i n g m o r e w a t e r a n d l e s s s c in t il la t o r
r a i s e s t h e s c in t i ll a t io n l a y e r r e l a t i v e t o t he p h o t o m u lt i p l i e r t u be s (PM T ) i n t h e L SC A s
de s c ri b e d i n A pp e n di x C , P M T e f fi c i e n c y i s r e p o r t e d t o d e c r e a s e o u t w a r d f r o m t he c e n t e r o f
t he PM T T h e r e fo r e
,
s a m p l e c o u n t in g e fl Bc ie n c y m ig ht d e c r e a s e if t h e s c in t i ll a t i o n l a y e r i s
m o v e d u p w a r d t o o m u c h
A p pe n d ix C r e p o r t e d n o s i gn i fi c a n t c h a n g e i n L SC p e r fo r m a n c e f o r s a m pl e v o l u m e s
b e t w e e n 6 a n d 12 m L a s l o n g a s t he s c in t i ll a t o r v o l u m e r e m a i n s c o n s t a n t a t 10 mL H o w e v e r ,
s o m e s o u r c e s (L o w r y , 19 9 1) s p e c ify th a t 1 7 m L o f s a m p l e a n d 5 m L o f s c i n t i l l a t o r a s t h e
o pt im u m c o mb in a t i o n , s i n c e i t p r o v i d e s t h e le a s t c o u n t in g u n c e r t a i n t y T hr e e e x p e ri m e n t s w e r e
c o n d u c t e d t o t e n t a t iv e l y c he c k t h i s a s s e r t io n .
15 8
A p p e n d i x D - 4
F i r st E x p e ri m e n t
I n t h e f i r s t e x pe r im e n t , c o n du c t e d o n 0 7 /0 6 /9 5 , t o t a l c o c k t a il v o lu m e w a s m a i n t a in e d a t
2 0 m L w hi l e v a r y in g t he r a t i o o f s a m p l e t o s c i n t i ll a t o r A s e t o f 5 sa m p l e s w a s c o l l e c t e d in t h e
n o r m a l m a n n e r ( 1 0 mL o f w a t e r w i t h 1 0 m L o f s c in t i l la t o r ) o n W e l l 1 ( t h e hi g h e st a c t iv i t y
w e l l ) A ft e r t a k i n g t he s e s a m pl e s (a p p r o x im a t e ly t w o m in u t e s la t e r ) , f o u r s a m p le s w e r e t a k e n :
( 1) 15 m L o f w a t e r w it h 5 m L o f s c in t il l a t o r ( 1 5 :5 ); (2 ) 14 m L o f w a t e r w i t h 6 mL o f
s c i n t il l a t o r ( 14 :6 ); ( 3 ) 13 m L o f w a t e r w it h 7 mL o f s c in t i l l a t o r ( 13 :7 ); a n d (4 ) 12 m L o f w a t e r
w i t h 8 m L o f s c i n t il l a t o r ( 12 : 8) T h e r e su l t s o f t h e s e s a m p le s a r e r e p o r t e d in T a b le D - 4 - 1 R a w
d a t a a r e t a bu l a t e d i n A p p e n d ix A , T a b l e A - 1, Sa m p l e R u n 4 (a )
T a b l e D - 4 - 1 : W a t e r : Sc i n t ill a t o r R a t io T e s t (0 7 / 0 6 /9 6 )
R a t i o 15 :5 14 :6 13 :7 12 :8 10 : 1 0
pC i/ L 3 9 , 7 9 8 3 9 , 4 0 8 4 0 , 4 0 0 4 2 , 0 0 4 4 1, 4 4 4
Si n c e o n ly o n e s am p le w a s t a k e n a t e a c h e x p e r im e n t a l v o lu m e r a t i o , a n a n a l y s i s o f
v a ri a n c e w a s n o t p o s s i bl e H o w e v e r , t h e u p w a r d t r e n d su g g e s t s t h a t c a l c u l a t e d
^ ^ ^
R n i s l e a s t
w h e n 5 mL o f s c i n t ill a t o r i s u s e d w ith 15 m L o f w a t e r Sin c e a c o n st a n t 2 0 m L c o c k t a i l v o lu m e
w a s u s e d i n t hi s t e s t
,
d if f e r e n c e s in p a r t it io n i n g o f
^
R n t o t h e a i r s p a c e i s n o t li k e ly B u t a s
d i s c u s s e d i n A p p e n d ix C , i t a p p e a r s t h a t t h e r e i s v e r y li t t l e
^ ^ R n i n t he a i r s p a c e a n y w a y
I t w o u l d a p p e a r t h a t r a i s in g t h e l ig ht - p r o du c in g l a y e r aw a y fr o m t h e P M T c e n t e r i s
r e s u l t i n g in a l o s s o f c o u n t in g e fl Bc i e n c y
15 9
A p p e n d ix D
- 4
Se c o n d E x p e r im e n t
I n t h e s e c o n d e x p e ri m e n t , c o n du c t e d o n 0 7 / 1 7 /9 5 , s c i n t il la t o r v o l u m e w a s c ha n g e d
w h il e m a in t a i n i n g s am p l e v o lu m e c o n s t a n t T hr e e s e t s o f fi v e s a m p le s w e r e t a k e n f o r e a c h o f
t h e f o l lo w i n g c o m bi n a t i o n s ; ( 1) 10 m L o f s a m p le w i t h 10 m L o f s c in t i ll a t o r ( 1 0 : 10 ) a s i n t h e
n o r m a l st u dy m e t ho d ; (2 ) 10 m L o f s a m p le w it h 8 m L o f s c i n t i l l a t o r ( 10 :8 ); a n d (3 ) 10 m L o f
s am p l e w i t h 7 m L o f s c i n t il l a t o r ( 10 : 7) Sa m pl e s w e r e t a k e n o n W e l l 1 s in c e i t is t he h ig h e s t
a c t iv it y w e ll T h e r e s u lt s a r e r e p o r t e d in t he f o ll o v sdn g t a bl e
T a b l e D - 4 - 2 : V a r y in g Sc i n t i l l a t o r V o l u m e
W a t e r : Sc in t i ll a t o r 2 2 2M e a n ^ ^ ^ R n (p C i/ L ) St a n d a r d D e v
10 m L : 1 0 m L 3 6 , 8 8 0 1, 2 8 7
10 m L :8 m L 3 5
,
9 8 9 64 3
10 m L :7 m L 3 5
,
3 2 0 1
,
1 9 2
T he r e w a s n o s t a t i s t i c a ll y si g n i fi c a n t d if f e r e n c e am o n g t he r e s u lt s o f t h e s e s a m p l e s T h i s
c o u l d m e a n t h at t h e s c i n t i l l at o r v o lu m e u s e d i n t h e c o c k t a i l s m a y b e r e d u c e d fi o m 10 mL t o 7
m L ; t hi s w o u ld r e s u lt in c o n s id e r a bl e c o s t s a v i n g fo r a l a r g e - s c a l e s a mp l in g o p e r a t i o n I t i s
r e c o mm e n d e d t h a t t h i s e x p e ri m e n t be c o n du c t e d w it h a l a r g e r s a m p l e s iz e
T hi r d E x p e ri m e n t
I n t h e t hi r d ex p e ri m e n t , c o n du c t e d o n 0 8 /2 1/ 9 6 , t h e n o r m a l c o c k t a i l r a t io o f 10 mL o f
s a m p l e w it h 10 m L o f s c i n t i ll a t o r ( 1 0 : 10 ) w a s c o m p a r e d t o a c o c k t a il r at i o o f 17 m L o f s a m pl e
a n d 5 m L o f s c in t i ll a t o r ( 1 7 : 5 ) T hi s r a t i o w a s r e p o r t e d b y L o w r y t o b e o p t im u m ( 199 1 ) a n d i s
c l o s e t o t h e r a t i o s p e c ifi e d by t h e E PA sa m p l in g p r o c e d u r e
16 0
A p p e n di x D - 4
T e n s a m pl e s w e r e t a k e n f o r e a c h o f t h e t w o c o c k t a il r a t i o s Sam p l e s w e r e a l t e r n a t e d
s u c h t h a t t h e fi r s t 1 0 : 10 s a m p le w a s t a k e n , t he n t h e fi r s t 1 7 : 5 s a mp l e , t h e n t he s e c o n d 10 : 1 0
s a m p l e , e t c T he s a m p l e s w e r e s u b s e q u e n t l y c o u n t e d in t h e s a m e o r d e r a s t he y w e r e c o l l e c t e d
T h is t e c hn i q u e o f a l t e r n a t in g be t w e e n t h e t w o s am p l e m e t ho d s w a s d o n e t o r e d u c e
c o n f o u n d i n g du e t o t im e o f sa m p l in g
B o t h s a mp l e s w e r e p r o c e s s e d i n t he n o r m a l m a n n e r (s e e M e t h o d s s e c t i o n ) a n d t h e
c a li b r a t i o n f a c t o r d e r i v e d w i t h t h e 7 14 p C i
^ ^
R a st a n da r d w a s a p p l ie d t o b o t h s e t s o f s a m p le s
N o t e : t h e c a li br a t i o n s t a n d a r d c o n t a i n s 1 0 mL o f w a t e r a n d 8 m L o f s c i n t il l a t o r
T a bl e D - 4 - 3 : T w o W a t e r : Sc i n t il l a t o r R a t i o s
W a t e r : Sc i n t il l a t o r 22 2 :M e a n ^ ^ R n (p C i/ L ) St a n d a r d D e v
10 mL : 10 mL 2 5
,
5 4 8 9 54
17 m L : 5 mL 2 2
,
1 0 7 3 80
T h e 17 : 5 c o c k t a il p r o du c ed a c a l c u l a t e d
^ ^
R n c o n c e n t r a t io n 1 3 5 p e r c e n t l o w e r t h a n
t h e 1 0 : 10 c o c k t a i l (p < 0 00 0 0 1) T hi s w o u l d t e n d t o c o n fi r m t h a t t h e r e i s a l o s s o f c o u n t i n g
e fi c ie n c y
R e c o mm e n da t i o n s
F u t u r e r e s e a r c h m i g ht i n v e s t ig a t e t he o p t im u m w a t e r - t o - s c in t i l la t o r r a t io I n c r e a s in g
t h e w a t e r v o lu m e im p r o v e s c o u n t in g s t a t i s t i c s ; bu t t he r e a p p e a r s t o b e a l o s s o f P M T e fi c i e n c y
i f t h e s c i n t il l a t i o n l a y e r i s r a i s e d t o o hi g h Sin c e t h e e x p e ri m e n t s r e p o r t e d in A p p e n d ix C s ho w
n o c ha n g e u p t o a w a t e r : s c in t i l la t o r r a t io o f 1 2 : 1 0 , t h i s m i g ht be a g o o d s t a r t i n g p o in t f o r t h e
p r o p o s e d s t u dy F o r e x a m pl e , w a t e r : s c i n t ill a t o r r a t io s b e t w e e n 12 : 1 0 a n d 17 : 5 c o u ld b e t ri e d a t
1 mL i n c r e m e n t s
,
w i t h t e n s a mp l e s p e r c o c k t a i l .
16 1
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D E T E C T I O N L I M I T S
T hi s a p p e n dix d i s c u s s e s ho w u n c e r t a i n t i e s a s s o c i a t e d w i t h in s t mm e n t a t i o n a n d
r a d io a c t iv e d e c a y a fl fe c t t h e a b i li t y t o a c c u r a t e ly d e t e r m i n e
'̂ '
R n a c t i v it y in w a t e r
C o u n t i n g St a t i s t ic s
R a d io a c t iv e d e c a y i s a s t o c h a s t ic p r o c e s s V a lu e s r e p o r t e d fo r h a lf - l iv e s a r e b a s e d o n
t h e a v e r a g e n u m b e r o f r a d i o a c t iv e d e c a y s o b s e r v e d o v e r a lo n g pe r i o d o f t i m e Wh e n c o u n t in g
r a d i o a c t iv e e v e n t s in a n a n a ly t i c a l p r o c e s s (s u c h a s l iq u i d s c in t il l a t i o n c o u n t i n g ) , v a r i a t i o n s i n
m e a s u r e d a c t i v it y w il l b e o b s e r v e d s im p l y du e t o t he r a n d o m n a t u r e o f t h e de c a y pr o c e s s R e f e r
t o K n o ll ( 1 9 7 9 ) fo r a d e t a il e d di s c u s s i o n
A s w i t h o t he r s t o c ha st i c p r o c e s s e s , t h e r e w i ll a lw a y s b e s o m e de g r e e o f u n c e r t a in t y
a s s o c i a t e d w i t h m e a s u r e d v a lu e s o f r a d io a c t iv e d e c a y p r o c e s s e s D u r i n g a n y t im e i n t e r v a l , t he
n u mb e r o f r a di o a c t i v e de c a y e v e n t s m a y be h i gh e r o r l o w e r t h a n a v e r a g e T h i s r a n d o m n e s s c a n
b e o b s e r v e d in t h e F ig u r e D
- 2 - 2 , w h i c h d e p i c t s t h e r e su l t s o f c o u n t i n g t he 7 14 p C i r a d iu m
r e f er e n c e 5 0 0 t im e s A l o n g o b s e r v a t i o n p e r io d r e d u c e s t hi s u n c e r t a in t y .
I n a dd i t i o n t o u n c e r t a in t y a s s o c i a t e d w it h r a di o a c t i v e de c a y e v e n t s , t h e r e is t he
in e v it a bl e p r o bl e m o f in s t r u m e n t n o i s e N o i s e i s a n y s ig n a l t ha t d o e s n o t r e s u lt fr o m t he
p a r a m e t e r b e i n g m e a s u r e d (r a n do m s i g n a l s g e n e r a t e d in t h e d e t e c t o r s o r e l e c t r o n i c s , p o w e r
s u p pl y fl u c t u a t io n s , e t c ) H o w e v e r , t h e l a r g e s t s o u r c e o f
"
n o i s e " w i l l b e ba c k g r o u n d r a d i a t i o n ,
w h i c h w i l l a l s o v a r y r a n d o m l y
T h e p r o p o s e d E n v i r o n m e n t a l P r o t e c t i o n A g e n c y (E P A ) p r o c e d u r e f o r c o m pl i a n c e
s a m p li n g o f
^ ^
R n r e c o g n i z e s t he s e u n c e r t a i n t ie s b y r e qu ir in g al l m e a s u r e d v a l u e s t o b e r e p o r t e d
w i t h t w o r e l a t e d c o n fi d e n c e le v e l s , b o t h o f w h i c h a r e d e r i v e d fr o m t h e e s t im a t e o f t h e s t a n d a r d
d e v i a t i o n A c c o r d in g t o t h e p r o p o s e d p r o c e du r e , t h e s t a n d a r d d e v i a t i o n o f a c o u n t u s in g a
li q u i d s c i n t il l a t i o n c o u n t e r i s d e r iv e d fr o m t h e e q u a t i o n o n t h e f o ll o w i n g p a g e
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C P M s = g r o s s c o u n t s p e r m i n u t e o f s am p l e
C P M b = c o u n t s p e r m i n u t e o f b a c k g r o u n d v ia l (s )
T s = D u r a t io n o f t h e s a m p l e c o u n t
T b = D u r a t i o n o f t he b a c kg r o u n d c o u n t
V
s
= v o l u m e o f s a m pl e (in li t e r s)
C F = c a l ib r a t i o n f a c t o r (c p m pe r p C i)
D F = D e c ay f a c t o r
= e
"
A c c o r d in g t o t h e p r o p o s e d p r o c e du r e , t w o m e a s u r e s o f u n c e r t a i n t y m u s t b e c a l c u l a t e d
a n d r e p o r t e d : ( 1) t h e 9 5% c o n fi de n c e l e v e l t w o t a il c o u n t in g e r r o r (2 x o ), a n d (2 ) t h e 9 5%
c o n fi d e n c e l e v e l o n e t a i l c o u n t i n g e r r o r ( 1 6 4 5 x a ) F o r e x am p le , i f a w a t e r s a m pl e h a d a n
a n a ly z e d
^ ^ ^
R n a c t i v it y o f 2 8 5 p C i/ L w it h a a (a s c a l c u l a t e d a b o v e ) o f 3 7 , t he r e s u l t s o f t h e
a n a ly s i s w o u l d b e r e p o r t e d a s 2 8 5 ± 74 p C i/ L , t h e t w o - t a i l e d 9 5% c o n fi de n c e in t e r v a l
H o w e v e r
,
f o r c o m pl i a n c e p u r p o s e s , t h e u p p e r o n e - t a i l 9 5% c o n fi d e n c e in c r e m e n t i s
u s e d (i e , 2 8 5 + ( 1 64 5 x 3 7 ) = 2 8 5 + 6 0 p C i/ L ) I f t he m e a s u r e d v a l u e p l u s t hi s c o n fi d e n c e
i n c r e m e n t e x c e e ds t h e r e gu l a t o r y l im i t , t h e n t h e g r o u n dw a t e r s o u r c e i s o u t o f c o m pl i a n c e T he
v a l u e o f 1 6 4 5 a w a s c a l c u l a t e d f o r e a c h m e a s u r em e n t in t hi s s t u d y a n d r e p o r t e d in t h e la s t
c o l u m n o f t h e A pp e n di x A t a bl e s
U n c e r t a i n t ie s a s s o c i a t e d w i t h t h e i n s t r u m e n t a t i o n a n d t h e r a di o a c t i v e de c a y pr o c e s s
w i l l s e t lim i t s o n t h e m i n im u m
^^
R n a c t i v it y t h a t c a n b e d e t e c t e d T h e a r t ic l e by A lt s hu l e r a n d
P a st e m a c k ( 19 63 ) gi v e s e q u a t io n s f o r e s t a bl i s hi n g t he m in i m u m l im i t s o f d e t e c t i o n f o r a n
i n st r u m e n t T h e ar t ic l e d e fi n e s tw o d e t e c t i o n l im i t s : t he
" m i n im u m s ig n i fi c a n t m e a s u r e d
a c t i v i t y
"
a n d " t h e m i n im u m d e t e c t a b l e t r u e a c t iv it y
"
T h e fi r s t lim i t i s t h e m e a s u r e d a c t iv it y
(w h a t t h e in s t r u m e n t de t e c t s ) a b o v e w h i c h t h e t r u e ac t iv it y (t h e a c t u a l a c t iv it y o f t he s a mp l e )
c an b e j u d g e d t o b e g r e a t e r t h a n z e r o , w it h a s p e c i fi e d de g r e e o f c o n fi d e n c e T h e s e c o n d lim it
i s t h e m i n im u m t r u e a c t iv i t y a t w hi c h a m e a s u r e m e n t c a n d e t e r m i n e t ha t t h e t r u e a c t iv it y i s
g r e a t e r t h a n z e r o , w it h a s p e c ifi e d de g r e e o f c o n fi d e n c e
16 3
A pp e n d ix E
T h e e qu a t io n s b e lo w a r e d e v e lo p e d f u ll y i n t he a r t i c l e T he y a r e r e p o r t e d in t h e
a p p e n d ix b e c a u s e o n ly t h e fi n a l , s im p l ifi e d e q u a t i o n s s e e m t o b e r e p o r t e d e l s e w he r e , w i t h o u t
m e n t io n o f s o m e o f t h e a s s u m p t i o n s u s e d i n t h e i r d e r iv a t io n O n e a s s u mp t io n is t ha t a
s u f fi c i e n t l y l a r g e n u m be r o f c o u n t s i s a c c u m u l a t e d t o a p p r o x im a t e a n o r m a l d i s t r i bu t io n I f t hi s
a s s u m pt i o n i s n o t m e t , t h e n t h e s e e q u a t i o n s d o n o t a p pl y , a n d m e t h o d s ba s e d o n t h e P o i s s o n
d i st r i b u t i o n m u s t b e u s e d
C a s e W h e r e t h e E x p e c t e d V a l u e o f t h e B a c k g r o u n d C o u n t , B , i s A c c u r a t e l y K n o w n
B e f o r e h a n d
A n = r ( k a + k p ) - Jb , M ' h e n —
" '^ « I
w he r e
A i m i n im u m s ig n i f i c a n t m e a s u r e d a c t i v i t y (
"
t h e s m a l l e s t m e a s u r e d v a l u e w h i c h
i s w o r t h r e p o r t i n g a s g r e a t e r t h a n z e r o
" )
A n m i n im u m d e t e c t a b l e t r u e a c t iv i t y (
"
t r u e a c t iv i t y t h a t c a n b e m e a s u r e d w i t h
p r i o r c o n fi d e n c e
"
)
y i s t h e c o n v e r s i o n f a c t o r t h a t c o n v e r t s c o u n t s t o a c t iv i t y (i e , 1 / CF )
B i s t h e w e l l - e s t a b l i s h e d v a lu e o f t h e b a c k g r o u n d c o u n t (n o t c o u n t r a t e )
k a i s t h e Z - s t a t i st i c f o r t h e c ho s e n a (i e , k ^ = 2 3 2 6 f o r t w o - t a il e d a = 0 0 1 )
k p i s t he Z - s t at i s t i c f o r t h e c h o s e n p (i e , k p = 1 6 4 5 f o r o n e - t a i l e d P = 0 0 5 )
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C a s e Wh e r e t h e E x p e c t e d V a l u e o f B a c k g r o u n d C o u n t , B , i s n o t A c c u r a t e ly K n o w n
B e f o r e h a n d
A j = r k a >[ 2 C B
k
"
kn a I " a
8 C b 4^ b
A i = r k a ^ ^ C B ^ w h e n « 1




y [ 8 C B




yl 2 C E 8 C ,
« 1
w h e r e
C b i s t he m e a s u r e b a c k g r o u n d c o u n t a t t im e o f c o u n t (n o t c o u n t r a t e )
A n w i l l b e a p p r o x im a t e l y e q u a l t o 2 t im e s A i w h e n t h e T y p e I a n d T y p e I I e r r o r
p r o b a b i l i t i e s a r e e q u a l (i e , a = P)
T h e A n i n t hi s l a s t s im p l ifi e d e qu a t i o n i s a l s o c a l l e d t he l o w e r l im i t o f d e t e c t i o n
(L L D ) (V i t z , 1 9 9 1 ) I t i s o f g r e a t i n t e r e s t t o i n v e s t i g a t e h o w c h a n g e s t o m e t h o d o l o gy
c o u ld d e c r e a s e t h e l o w e r l im it o f d e t e c t i o n (L L D ) f o r t h e
^ ^^ R n i n w a t e r a n a l y s i s
T h e m a x im u m c o u n t i n g t im e i n t hi s s t u d y w a s s e t f o r 5 0 m i n u t e s a n d t h e
b a c k g r o u n d c o u n t r a t e a v e r a g e d a p p r o x im a t e l y 3 1 3 CPM (i e , 1 5 6 6 t o t a l c o u n t s ) w i t h a
m a x im u m i n di v i d u a l b a c k g r o u n d c o u n t o f 3 3 8 6 CP M a n d a m a x im u m a v e r a g e o f 3 2 2 7
C PM A t t h e L L D
,
s a m p l e c o u n t s w i ll a p p r o x im a t e l y e q u a l b a c k g r o u n d c o u n t s
T h e r e fo r e , i n o r d e r t o m i n im iz e t h e L L D , b a c k g r o u n d c o u n t s m u s t b e m i n im i z e d
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M a k i n g u s e o f t h e s i m p l i f i e d e x p r e s s i o n f o r m in im u m d e t e c t a b l e t r u e a c t i v i t y (A n )
w he n t h e b a c k g r o u n d i s n o t a c c u r a t e ly k n o w n , t he L L D w i l l b e :
j ^ jj ^
k g + k p , C O UN T S ,
^ ^ , p
CF X Sa mp l e V o l u m e (L ) \ TIM E ^
Wh e r e k ^ a n d k p a r e t h e o n e - s i d e d c o n f i d e n c e l e v e l s d e s ir e d f o r T y p e I (f a l s e
p o s i t iv e ) a n d T y p e I I (f a l s e n e g a t iv e ) e r r o r s r e s p e c t i v e ly F o r a 9 5 p e r c e n t c o n f i d e n c e
l e v e l
,
k a = k p = 1 6 4 5 C F i s t h e C o n v e r s i o n F a c t o r m e n t io n e d p r e v i o u s l y a n d h a s b e e n
a p p r o x im a t e l y e q u a l t o 1 0 C PM / p C i fo r t h e 5 t o 1 8 5 0 k e V r e g i o n o f i n t e r e s t F o r c o u n t i n g
o f b a c k g r o u n d a n d lo w a c t iv i t y s a m p l e s , t h e 5 0 m i n u t e m a x im u m t im e lim i t w i l l b e
r e a c h e d b e f o r e t h e 2 - s i g m a c o u n t i s a c h i e v e d A s s t a t e d p r e v i o u s ly , C O U N T Sb a v e r a g e d
3 1 3 c p m du r i n g t h i s s t u dy F o r t he f o ll o w i n g c a l c u l a t i o n s , a d e l a y o f a p p r o x im a t e l y f o u r
d a y s b e t w e e n s a m p l i n g a n d c o u n t i n g w i ll b e a s s u m e d , m a k i n g D F
= 2
W i t h t h e s e c o n d i t i o n s a n d a s a m p l e v o lu m e o f 1 0 mL , t h e L L D u s in g a s i n g l e 5 0
m i n u t e b a c k g r o u n d c o u n t o f 3 1 3 C P M w o u l d b e a p p r o x im a t e ly :
^ , r ,
1 6 45 + 1 . 6 4 5 1̂ 15 6 6 c o u n t s ^ ^ ^ ^ , ^L L D = J 2 — x 2 = l A p C i l L
{l O c p m l p C i ){0 . 0 1 0 L ) ^ 5 0 m m :
O b v i o u s l y , a n y e f o r t t h a t d e c r e a s e s b a c k g r o u n d c o u n t s o r i n c r e a s e s t h e
b a c k gr o u n d c o u n t in g t im e c a n p o t e n t i a l ly d e c r e a s e t h e L L D D o u b l i n g t h e c o u n t t im e
fr o m 50 m i n u t e s t o 1 0 0 m i n u t e s w o u l d t h e o r e t i c a l l y d e c r e a s e t h e L L D b y v 2 / 2
I n t h i s s t u d y f o u r b a c k g r o u n d c o u n t s a r e t y p ic a l l y r u n ( i e , e q u i v a l e n t t o a 2 0 0
m i n u t e b a c k g r o u n d c o u n t ) a n d a s a m p l e i s c o u n t e d f o r a m a x im u m o f 50 m i n u t e s T h e
L L D f o r t h i s s i t u a t i o n w a s c a l c u l a t e d u s i n g t h e f o l l o w i n g e q u a t i o n (V i t z , 19 9 1)
/ . / , / > =
^ " ^ ^ P C O U N TSb ^ C O U N TS .
^ ^ ^
CF X Sa m p l e V o l u m e (L )
'i TM E l TIM E ]
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T h e l o n g e r b a c k g r o u n d c o u n t l o w e r s t he L L D t o 58 p C i/ 1, u s i n g t h e p r e v i o u s
a s s u m p t i o n s
I f t h e r e g i o n o f i n t e r e s t i s l im i t e d t o 2 5 t o 10 0 0 k e V , t h e n t h e b a c k g r o u n d c o u n t
r a t e de c r e a s e s t o a p p r o x im a t e l y 1 7 4 CP M (o r 8 7 0 c o u n t s ) a n d d e c r e a s e s t h e c a l i br a t io n
f a c t o r f r o m 10 t o 9 53 c pm p e r p C i T hi s y ie l d s a L L D o f 5 8 p C i /1 f o r a 5 0 m in u t e
b a c k g r o u n d c o u n t a n d 4 6 p C i / L f o r a 2 0 0 m i n u t e b a c k g r o u n d c o u n t
I f m o r e s a m p l e i s c o l l e c t e d , t h e t o t a l a c t i v i t y i n t h e s a m p l e v i a l w i l l b e h i g h e r a n d a
h ig he r t o t a l c o u n t w i l l b e a c h i e v e d in a n y c o u n t i n g p e r i o d B a c k g r o u n d c o u n t s s h o u l d b e
n e a r l y t h e s a m e in b a c k g r o u n d s t a n d a r d s c o n t a i n i n g e it h e r 10 o r 1 5 m L o f d e i o n iz e d
w a t e r A s s u m i n g t he CF d o e s n o t c h a n g e a n d t h a t q u e n c hi n g i n n o t s i g n i f i c a n t , t h e
d e c r e a s e i n c o u n t in g u n c e r t a i n t y i s i n v e r s e ly p r o p o r t i o n a l t o t h e i n c r e a s e in v o lu m e U s i n g
t he p r e v i o u s a s s u m p t i o n s a n d t he 5 t o 1 8 5 0 k e V c o u n t i n g w i n d o w , a s a m p l e v o l u m e
i n c r e a s e f r o m 10 m L t o 1 5 mL d e c r e a s e s t h e c o u n t i n g u n c e r t a i n t y f r o m 7 4 t o 4 9 p C i/ L fo r
a 5 0 m i n u t e b a c k g r o u n d c o u n t , a n d f r o m 5 8 t o 3 9 p C i/ L f o r a 2 0 0 m in u t e b a c kg r o u n d
c o u n t F o r t h e 2 5 t o 1 0 0 0 k e V c o u n t i n g w i n d o w , a s s u m i n g t h e CF r e m a i n s 9 5 3 c pm p e r
p C i , t h e L L D f o r a 15 m L s a m p l e w o u l d b e 3 8 p C i / L f o r a 50 m in u t e b a c k g r o u n d c o u n t
a n d 3 0 p C i /L f o r a 2 0 0 m i n u t e b a c k g r o u n d c o u n t :
F i g u r e E - 1 s h o w s h o w c o u n t i n g u n c e r t a i n t y c h a n g e s w i t h
^ ^ ^
R n c o n c e n t r a t i o n
,
u s in g t h e e qu a t i o n a t t h e t o p o f p a g e 16 3 a n d a s s u m i n g a 2 0 0 m i n u t e b a c k g r o u n d c o u n t
a n d a 5 0 m in u t e s a m p l e c o u n t T h e c a l c u l a t e d u n c e r t a i n t y i s g i v e n a s a p e r c e n t o f t h e
m e a s u r e d v a lu e A l p h a
= b e t a = 0 0 2 (i e , k a = k p = 1 6 4 5 ) T h e lo w e r c u r v e i s b a s e d o n
t he a v e r a g e v a lu e s fr o m t h i s s t u dy (l i s t e d o n t h e fi g u r e ) T h e u p p e r c u r v e i s b a s e d o n a
d e c a y f a c t o r o f 2 , r e p r e s e n t i n g a o n e h a l f - l if e (3 8 d ) h o l d t i m e T h e f i g u r e c a n b e u s e d t o
fi n d t h e c o u n t i n g u n c e r t a i n t y a s s o c i a t e d w i t h a p a r t i c u l a r c o n c e n t r a t i o n o f
^ ^ ^
R n i n w a t e r
F o r e x a m p l e , u s i n g t h e l o w e r c u r v e (b a s e d o n t h e s t u d y a v e r a g e s ) , t h e 2 - s ig m a u n c e r t a in t y
w o u l d b e 8 % f o r a ^^ ^ R n c o n c e n t r a t i o n o f 3 0 0 p C i/ L F o r a o n e - h a l f l iv e h o l d t i m e , t h e
u n c e r t a i n t y a s s o c i a t e d w i th 3 0 0 p C i /L w o u l d b e a p p r o x im a t e l y 14 %
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A s s u m p t i o n s :
B a c kg r o u n d (a v g ) = 3 1 3 c p ra
B a c k g r o u n d C o u n t i n g T im e = 2 0 0 m i n
Sa m p l e C o u n t i n g T im e
= 50 m i n
Sa mp l e V o lu m e (a v g ) = 9 6 7 m L
C a l ib r a t i o n F a c t o r (a v g ) = 10 0 5 c pm p e r p C i
D F (a v g ) = 1 1 7 (i e , 2 1 h a v g h o l d t im e )
C o u n t e d 3 8 d a y s a ft e r s a m pl in g
; A v g h o l d t i m e
= = 2 1 h
l -
-
i + - \ ~ \ - I - + + - 4 - - 4 - +- + f - | - 4 _ f
-













i r i t ^ O N
- * ■ * - ^
D e c a y C o r r e c t e d R a d o n A c t i v i t y ( p C i /1^ ) s
a .
A p p e n d ix E
M D L a n d P O L
I n t h e n e w r e g u l a t i o n g o v e r n in g
^ ^ ^
R n i n w a t e r , t h e E PA a p p l i e s t he s a m e t w o
d e t e c t i o n l im it s t h a t h a v e b e e n a p pl ie d t o o t he r w a t e r p o l l u t a n t s : M D L a n d PQL
"
T w o p e r f o r m a n c e m e a s u r e s a r e u s e d b y t he E P A t o e s t i m a t e t h e li m i t s o f
p e r f o r m a n c e o f a n a l y t i c c h e m i st r y m e t h o d s f o r m e a s u r i n g c o n t a m i n a n t s in
d r i n k in g w a t e r : t h e m e t h o d d e t e c t i o n l im i t (M D L ) a n d t h e p r a c t i c a l
q u a n t i t a t io n l e v e l (P QL ) A n MD L i s t h e l o w e s t l e v e l o f a c o n t a m i n a n t t h a t
c a n b e m e a s u r e d b y a s p e c i fi c m e t h o d u n d e r i d e a l r e s e a r c h c o n d i t i o n s A
P QL i s t h e l e v e l a t w h i c h t h e c o n t a m i n a n t c a n b e a s c e r t a i n e d w i t h s p e c ifi e d
m e t h o d s o n a r o u t i n e b a s i s
, (s u c h a s c o m p l i a n c e m o n it o r i n g ) by w e l l -
m a n a g e d l a b o r a t o r i e s , a n d w i t h in s p e c i fi e d p r e c i s io n a n d a c c u r a c y l im i t s
"
[ E P A , 1 99 1]
"
T h e M D L i s u s u a l ly d e fi n e d a s t h e m in im u m c o n c e n t r a t i o n o f a s u b s t a n c e t ha t c a n
b e m e a s u r e d a n d r e p o r t e d w i t h 9 9 p e r c e n t c o n fi d e n c e t ha t t h e t r u e v a l u e i s g r e a t e r
t h a n z e r o " T h e t e r m M D L m a y b e u s e d i n t e r c h a n g e a b l y w i t h t h e t e r m m i n im u m
d e t e c t a bl e a c t i v i t y (M D A ), w h i c h i s
"
t h e a m o u n t o f a c t i v it y w hi c h i n t h e s a m e
c o u n t i n g t im e , g i v e s a c o u n t w h i c h i s d i f fe r e n t fi
-
o m t h e b a c k g r o u n d c o u n t b y t h r e e
t i m e s t he s t a n d a r d d e v i a t i o n o f t h e b a c k g r o u n d c o u n t
"
[E P A 19 9 1 ]
" T h e s e MD L a r e t h e r e s u l t o f m e a s u r e m e n t s m a d e b y a f e w o f t h e m o s t
e x p e r i e n c e d la b o r a t o ri e s u n d e r n o n - r o u t in e a n d c o n t r o l l e d i d e a l r e s e a r c h -
t y p e c o n di t i o n s
"
[E PA , 1 9 8 7]
"
T h e b a s i s f o r s e t t in g P QL s i s ( 1 ) q u a n t it a t i o n , (2 ) p r e c i s io n a n d a c c u r a c y ,
(3 ) n o r m a l o p e r a t i o n s o f a l a b o r a t o r y , a n d (4 ) t he fi a n d a m e n t a l n e e d (in t h e
c o m p l i a n c e m o n it o ri n g p r o g r a m ) t o h a v e a s u ff i c i e n t n u m b e r o f
l a b o r a t o ri e s a v a i l a b l e t o c o n d u c t t h e a n a ly s i s
"
[ E P A , 1 9 8 7 ]
T h e P QL d e fi n e s
"
t h e c o n c e n t r a t i o n o f a n a n a l y t e a b o v e w hi c h i s t h e r e g i o n
o f q u a n t i t a t i o n a n d b e l o w w h i c h i s t h e r e g i o n o f l e s s c e r t a in q u a n t it a t i o n
T h e di f e r e n c e i s t h a t w h e r e [ s i c ] PQL i s a n in t e r - l a b o r a t o r y c o n c e p t w h i l e
L O Q i s s pe c ifi c t o a n i n d i v i d u a l l a b o r a t o r y T he A g e n c y d e v e l o pe d t he
PQL c o n c e p t t o d e fi n e a m e a s u r e m e n t c o n c e n t r a t i o n t h a t i s t im e a n d
l a b o r a t o r y i n de p e n d e n t f o r r e g u l a t o r y p u r po s e s T he M D L s , a h h o u g h
u s e fi i l t o i n d iv i d u a l l a b o r at o ri e s , d o n o t p r o v i d e a u n i f o r m m e a s u r e m e n t
c o n c e n t r a t i o n t h a t c o u ld b e u s e d t o s e t s t a n d a r d s
"
[E P A , 1 9 8 7 ]
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"
T h e P QL p r o c e du r e g e n e r a t e s a c c e p t a n c e l im it s t h a t a r e s e t a r o u n d a
'
t r u e
'
v a l u e U s i n g t h e p r o c e d u r e d e s c r i b e d i n t h e s e n o t i c e s , t h e P QL s f o r
a l l r a d i o n u c l i d e c o n t a m i n a n t s w e r e s e t a t a c o n c e n t r a t i o n w h e r e i t w a s
e s t im a t e d th a t a t l e a s t 7 5 p e r c e n t o f a l l r e p o r t i n g l a b o r a t o r i e s a r e w i t h i n t h e
s p e c i f i e d a c c e p t a n c e r a n g e s
"
[E P A , 1 9 9 1 a ]
T h e P QL i s g e n e r a l l y e s t im a t e d t o b e fi v e t o t e n t i m e s t h e M D L (E P A , 1 9 8 7 ) , t h e n
t h e P QL m a y be v e r i fi e d by a s e r i e s o f l a b o r a t o r y p e r f o r m a n c e e v a lu a t i o n s T he p r o c e d u r e
f o r d e t e r m in i n g a n d v e r i fy i n g a n M D L i s c o n t a i n e d i n 4 0 CF R 13 6 , A p p e n d ix B O n e
a c c e p t a b l e w a y o f e s t im a t i n g M D L i n v o lv e s i d e n t i fy i n g t h e
"
c o n c e n t r a t io n v a l u e t h a t
c o r r e s p o n d s t o a n i n s t r u m e n t s ig n a l / n o i s e in t h e r a n g e o f 2 5 t o 5
"
A c c o r di n g t o t h e m a n u fa c t u r e r o f t he l i q u i d s c i n t i l l a t i o n c o u n t e r (P a c k a r d
I n s t r u m e n t s ) , t h e F ig u r e o f M e r i t (F O M ) fu n c t i o n e x p r e s s e s t h e s i g n a l - t o - n o i s e r a t i o f o r
t hi s i n s t r u m e n t (K e s s l e r , 1 9 8 9 ) K n o l l ( 1 9 7 9 ) d e fi n e s t h e fi g u r e o f m e r i t a s t h e in v e r s e o f
t h e t o t a l t im e r e q u i r e d t o d e t e r m i n e t h e n e t s o u r c e c o u n t (S) t o w it h i n a g i v e n st a t i s t i c a l
a c c u r a c y K e s s l e r p r o v i d e s t h e f o l l o w i n g s im p l i fi e d e qu a t i o n :
F OM = S
2
S ^ 2B
w h e r e S i s n e t s a mp l e c o u n t
B i s b a c k g r o u n d c o u n t
H e n c e , a n y c h a n g e t o t h e a n a l y t i c a l p r o c e s s t h a t c o u l d i n c r e a s e t h e s a m p l e c o u n t
a n d d e c r e a s e t h e b a c kg r o u n d c o u n t w il l im p r o v e t h e F OM T h i s , i n t u r n m a y r e s u l t in a
l o w e r M D L a n d , h e n c e a l o w e r PQL
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T a b l e E - 1 : C a l i b r a t i o n F a c t o r s a n d B a c k g r o u n d f o r A l l S a m p l e R u n s
S a m p l e R u n A v g e r a g e C F
" / o o f A v g . B a c k g r o u n d % o f A v g .
9 8 6 98 , 5 1% 3 1 03 9 9 0 3 %
2a 1 0 03 100 2 1% 3 1 5 0 10 0 53%
2b 10 14 10 1 33 %. 3 2 1 1 10 2 4 8% ,
10 06 100 5 8% 3 1 32 99 96 %
4 a 9 8 6 9 8 5 8 % 3 1 7 2 10 1 2 4 %,
4 b 9 8 1 98 09 % 30 56 97 53% ,
5 a 9 9 7 99 6 7 % 3 1 35 10 0 0 5%,
5 b 10 02 100 15 %, 3 0 9 8 98 87 %o
6 a 10 12 10 1 11%0 3 1 11 99 29 %
6b 10 0 8 100 80 % N / A
7 a 10 00 99 93 % 3 1 56 10 0 72%
7b 9 9 7 99 70 %, 3 0 70 9 7 9 8%
7 c 9 9 3 99 24 %, 3 0 50 9 7 34%
7d 10 11 10 1 0 8%, 3 1 74 10 1 2 8%
8b 9 9 8 99 80 % 3 1 55 10 0 6 9%
8 c 10 13 10 1 2 1%, 3 2 27 10 2 9 9 %,
M e a n





S a m p l e R u n A d j u s t e d C F % o f A v g . B a c k g r o u n d % o f A v g .
8 a 9 9 1 9 8 11% 3 1 6 8 10 1 13%,
9 a 10 15 100 5 1% 30 76 9 8 2 0 %
9b / c 10 04 99 4 1% 3 1 24 9 9 7 3%,
l Oa / b 10 16 100 58 % 3 1 67 10 1 10 %
10 c 9 9 6 9 8 64 %, 3 1 33 10 0 02 %o
1 1 10 22 10 1 25 % 3 1 17 9 9 5 l %o
1 2 a 10 1 1 100 15 % 3 1 3 8 10 0 18%,
1 2b 10 0 8 99 82 %, 3 1 4 9 10 0 53 %,
13 a 10 13 100 35 %, 3 0 66 9 7 8 8%
13b 10 29 10 1 87 %, 3 1 76 10 1 39 %
13 c 10 3 1 102 13 % 3 1 33 10 0 02 %,
14 a 10 2 3 10 1 34 %o 3 1 4 5 10 0 40 %o
14b 9 9 1 9 8 11%, 3 1 39 10 0 2 1%
14 c 10 06 99 58 %, 3 1 29 9 9 8 9%
15 a 10 0 9 99 9 7 %o 3 1 18 9 9 5 4 %,
1 5b 10 12 100 2 6% , 3 1 5 3 10 0 66 %
15 c 9 8 9 97 9 P / o 3 1 2 1 9 9 6 3%
M e a n s




0 2 9 1
#
A v e r a g e : 1 0 . 0 5 3 1 . 3 3
17 1
